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ABSTRACT

On the Yanakie Isthmus, Wilsons Promontory National Park, Victoria,

Leptospermum laevigatum (Gaertn.) F. Muell. (Myrtaceae) has invaded and dominated

areas previously characterised by Banksia integrifolia open woodland. The long-term

occupation of L. laevigatum on the Isthmus has meant in some areas it has become

senescent and formed canopy gaps. These open patches within the system may represent

areas where potential inhibitory influences of L. laevigatum have been removed and,

therefore, facilitate species persistence in the landscape. This study took advantage of these

naturally occurring gaps, as well as areas of varying levels of shrub dominance, in order to

assess plant community changes associated with the successional sequence of L. laevigatum

invasion through to senescence. A multi-scaled survey approach was undertaken, as well as

an assessment of the soil seed bank prior to senescence, in order to address the following

questions: (i) how does above-ground plant composition respond to the invasion-

senescence successional sequence, and is the relationship spatial scale dependant? (ii) what

is the re-colonisation potential of senescent gaps by plant species stored in the soil seed

bank? and (iii) how does above-ground floristic composition relate to potential changes in

light, litter and soil properties associated with L. laevigatum invasion and senescence?

Leptospermum laevigatum invasion was associated with decreased light, soil nitrate and

soil moisture which, surprisingly, did not result in a decline in total species richness.

However, a significant shift in species composition was found suggesting species

replacement. Leptospermum laevigatum senescence resulted in a return of light, soil nitrate

and soil moisture to levels more similar to the uninvaded state. Gaps had higher species

richness at a large scale of observation (256 m2) but not at any of the smaller scales.

Species composition within gaps was found to be highly varied and significantly dissimilar

to that prior to senescence. As time passed post-senescence, floristic composition became

less varied and more similar to an uninvaded state. Therefore, senescent gaps could be

described as having a scale-dependant, facilitative influence on plant communities. The

subordinate Leucopogon parviflorus was found to be highly indicative and dominant in

newly formed gaps, consistent with previous observations. However, this was not sustained

over time as relatively older gaps were not characterised by the shrub. This response

highlights the role of advance regeneration and not seed bank recruitment in determining

the future composition of senescent L. laevigatum gaps on the Yanakie Isthmus.
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1. INTRODUCTION

Relatively open patches within stands of dominant vegetation are a key structural and

functional attribute of many ecosystems (Pickett and White 1985). This may be particularly

true for shrub-encroached systems where the invasive species is generally associated with

increased competitive dominance (Bennett 1994; Moleele and Perkins 1998; Price and

Morgan 2008). The creation of a ‘gap’ within shrub-encroached vegetation may present an

environment highly dissimilar to the invaded state (Collins and Pickett 1987), thereby,

facilitating species persistence in the landscape and maintaining diversity. An open patch

within a stand of dominant vegetation could be viewed as the removal of that species

inhibitory influences and, therefore, initiating a successional recovery.

The invasion of Banksia integrifolia open woodlands by Leptospermum laevigatum

(Gaertn.) F. Muell. (Myrtaceae) on the Yanakie Isthmus, Wilsons Promontory National

Park (Bennett 1994) represents an example of the inhibition model (Connell and Slatyer

1977) of succession. Leptospermum laevigatum invades and dominates a site for decades

creating a species-poor scrub (Hazard and Parsons 1977; Molnar et al. 1989). Senescence

of L. laevigatum would remove that dominance and create a gap in the landscape.

Incidental accounts have described a clear shift in vegetation structure post-senescence as

L. laevigatum was not observed to reinvade (Hazard and Parsons 1977; Ashton and van

Gameren 2002). The potential inhibitory and facilitative influences of L. laevigatum

invasion and senescence are, therefore, important to the understanding of successional plant

community dynamics in this landscape.

1.1. Inhibition and shrub encroachment

Theoretical ecology has long been concerned with the factors controlling the structure

of ecological communities, as well as the mechanisms driving change. Original concepts of

succession emphasised directional changes in species composition occurring over time (see

Clements 1928; Gleason 1939; Drury and Nisbet 1973; Grime 1974; McCook 1994; Platt

and Connell 2003). Community succession does not, however, always proceed through a

set of predictable transitions. Some of the most formative ideas on sequential succession

were synthesized by Connell and Slatyer (1977). They proposed a three-way model of

successional species interactions, in which early colonists could either facilitate (facilitation

model), have no effect (tolerance model) or inhibit (inhibition model) the establishment of
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later colonists (Connell and Slatyer 1977). The inhibition model represented an alternative

to the already recognised facilitative pathway of succession. Through modelling the net

effect of plant-plant interactions (Connell and Slatyer 1977; Connell et al. 1987), the three-

way model of succession described how plant assemblages are altered dramatically by

facilitative and inhibitory effects of species (Bellingham et al. 2001) and the invasion of

species that do not naturally occur within the community.

The invasion of shrubs into communities where the understorey had previously

been dominated by grasses and forbs generally results in an impoverishment of the original

species composition through inhibitory mechanisms (Briggs et al. 2005; Price and Morgan

2008). Termed ‘encroachment’, many of the worlds terrestrial ecosystems have been

affected, including grasslands (McPherson 1988; Lett and Knapp 2004; Briggs et al. 2005),

woodlands and savanna (Bennett 1994; Moleele and Perkins 1998; Price and Morgan

2008). These shifts in vegetation structure have been attributed to a diverse range of drivers

such as climate, disturbance regimes and land use practises (Bennett 1994; Archer et al.

1995; Fensham and Fairfax 1996; Sharp and Wittaker 2003). Competition is widely

assumed to be the principle mechanism underlying resistance of communities to woody

invasion (Berkowitz et al. 1995; de Blois et al. 2004). Therefore, competitive networks of

invaded communities would have been altered to create conditions more favourable for the

establishment of the invasive species. Once established, the invasive shrub species can

inhibit the persistence of other plants by occupying space and resources (Rees and Brown

1991).

Woody plant expansion has been described as one of the greatest contemporary

threats to these ecosystems (Briggs et al. 2005). Many studies have recorded reductions in

species diversity and herbaceous species cover, as well as increased abundance of exotic

species (Gleadow and Ashton 1981; Hobbs and Mooney 1986; Bellingham et al. 2001; Lett

and Knapp 2004; Price and Morgan 2008). A shrubby canopy can cause reductions in light

(Costello et al. 2000; Lett and Knapp 2005), altered soil nutrient properties (Vitousek et al.

1987; Haubensak and Parker 2004) and leaf-litter decomposition rates (Throop and Archer

2007). These negative influences are driven by the dominance of the species and may only

persist as long as the species remains at the site. Therefore, the creation of gaps, possibly

through senescence, could remove the inhibitory influence of the species and facilitate

successional change.
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1.2. Gap dynamics

Canopy gaps caused by the removal of large trees initiates succession as inhibitory

influences are removed (Runkle 1985). Most studies concerned with gap dynamics have

studied forested ecosystems, especially tropical rainforests (see Pickett and White 1985). In

these systems, treefall gaps are a common result of both natural senescence and storm

damage (Denslow 1980). In Amazonian rainforest, tree deaths generally resulted in the

formation of small canopy openings (5 – 100 m2) with larger gaps usually created by strong

winds toppling many trees together (Uhl et al. 1988).  Recently, the importance of gaps in

grassland (Coffin and Urban 1997; Morgan 1997), shrubland (Williams 1992; Menges et al.

2008) and savanna (Rebertus and Burns 1997) ecosystems have received increased

attention. Belsky and Canham (1994) consider individual gaps as displaying an essentially

demographic process dynamic: they are born, they persist for a time, and then they die

(through closure of the vegetation). However, during their time as open patches, gaps

represent a crucial part of the landscape through the creation of important microhabitats for

seedling recruitment, growth and completion of species lifecycles (Goldberg and Gross

1988; Rebertus and Burns 1997; Rantis and Johnston 2002; Kwit and Platt 2003).

Canopy gaps are associated with a significantly different local environment relative to

that of the undisturbed surrounding vegetation (Denslow 1980). As a result, gaps are

generally characterised by increased recruitment and growth of tree saplings (Denslow and

Spies 1990; Rantis and Johnson 2002), increased survival and reproduction of subcanopy

and understory plants (Collins and Pickett 1988; Abe et al. 1998), and increased species

diversity (Martins and Rodrigues 2002). The regeneration of gaps can, however, be highly

idiosyncratic, as colonization of these areas tends to be directly influenced by the closest

vegetation (Swain and Hall 1983; Martins and Rodrigues 2002).

1.3. Regeneration potential

The regeneration potential of gaps within stands of dominant vegetation is driven by

species availability in the landscape. Species can regenerate in a site either from the soil

seed bank, as part of the advance regeneration, or by dispersal into the site. Seed banks are

an important resource for re-introducing a diverse range of species into disturbed areas

(Read et al. 2000). Low similarities between the established vegetation and the composition

of the soil seed bank are often reported (Warr et al. 1993; Funes et al. 2001). Seed bank
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reserves, therefore, provide a mechanism for population persistence when site conditions

are not favourable for the species (Lunt 1997; Auld et al. 2000). Thus, the potential floristic

recovery of a gap site may be highly influenced by the composition of the seed bank prior

to gap formation.

Regeneration will also be influenced by species persisting as part of the above-ground

vegetation. In rainforest systems, many species have a remarkable ability to persist in a

semi-arrested state of development. When a gap forms, these species contribute to the

‘advance regeneration’ of the gap. Advance regeneration has been described as highly

influential for the successful regeneration of natural forests, accounting for upwards of 97%

of all trees within rainforest treefalls (Uhl et al. 1988; Martinez-Ramos and Soto-Castro

1993). Forest growth models frequently assume that occupancy of space prior to gap

formation is a good predictor of future canopy composition (West et al. 1981). More

generally, advance regeneration could refer not only to suppressed individuals, but any

species present both before and after the creation of a gap. Within L. laevigatum invaded

scrub, this role would most notably be filled by the subordinate Leucopogon parviflorus

(Hazard and Parsons 1977; Ashton and van Gameren 2002).

Any species found within gaps that are not part of the advance regeneration or soil seed

bank could be assumed to have entered the site through dispersal. Seed rain into gaps is a

product of both fruiting species with a close proximity to the gap (local seeds) and those

that are not (immigrant seeds) (Martinez-Ramos and Soto-Castro 1993). Within forested

systems, gaps are often associated with high recruitment of the dominant tree species as

they may rarely recruit under their own canopy (Yamamoto 1993; Britton et al. 2000;

Rantis and Johnson 2002). Leptospermum laevigatum is known to continually shed seed

(Ashton and van Gameren 2002), therefore, potentially having a strong influence on the

regeneration potential of senescent gaps. All successional changes in plant assemblages

associated with the disturbances of invasion and senescence, however, have the potential to

be influenced by the scale of observation and plant densities.

1.4. Effects of scale

The most widely used theory on the effect disturbance plays on species diversity within

a successional community is the Intermediate Disturbance Hypothesis (Connell 1978). The

theory predicts highest species diversity at intermediate times following disturbance as a

result of differential survivorship between early and late successional species. Therefore,
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the predicted positive response of vegetation within gaps may not occur directly following

the event but some time later. However, the effect grain-size, or scale of observation, has on

the diversity-disturbance relationship is one of the major arguments against the theory

(Schwilk et al. 1997; Vlok & Yeaton 1999; Reilly et al. 2006). Oksanen (1996) theorised

that if plants vary in size, then the use of small quadrats of a fixed size will always show

maximum species richness at intermediate levels. The decreasing trend of species richness

in late successional communities may be nothing more than the effect of having fewer

plants found in fixed size quadrats as vegetation becomes sparse (Oksanen 1996).

Therefore, accurately assessing the potential inhibitory and facilitative influences of L.

laevigatum invasion and senescence requires an understanding of the potential confounding

factor of spatial scale.

1.5. Study significance

Leptospermum laevigatum is considered an environmental weed both within its natural

range and where it has become naturalised (Burrell 1981; Bennett 1994; Gordon 1999). On

the Yanakie Isthmus, it has dramatically increased its range at the expense of Banksia

integrifolia grassy woodlands. Burrell (1969) initially identified decreased fire frequency as

the probable cause for L. laevigatum encroachment because a single burn would create

conditions favourable for establishment by: (i) enhanced seed release, (ii) disturbed

vegetation and the top soil, and (iii) a temporary increase in soil phosphorus levels.

However, subsequent studies identified cases where L. laevigatum invaded coastal

heathlands in the absence of fire (Frood 1979; Molnar et al. 1989). Bennett (1993; 1994)

initially identified changes in fire regime as a driver for L. laevigatum invasion. However,

the combined effects of fire and grazing proved to be the major determinant of

establishment and spread. The increased dominance of L. laevigatum has been associated

with a loss of species richness (Ashton and van Gameren 2002), however, majority of

studies have focussed on the rate and reasons for expansion, at the expense of detailing

floristic change. Understanding what has been lost from the system, and how L. laevigatum

encroachment can be controlled is, therefore, of significant management concern.

Controls for L. laevigatum encroachment on the Yanakie Isthmus have been

implemented with few positive results. Leptospermum laevigatum is killed by fire but

regenerates copiously (Parsons 1966; Hazard and Parsons 1977), therefore, requiring a

return fire before reproductive maturity is reached (≈ 5 yr) to eliminate it from a site.
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Control of native and introduced grazers on the Isthmus would be required in order to

accumulate adequate biomass before the return fire, which has proven to be difficult

(Holland and Williams 2005). Slashing programs and mechanical removal have also been

unsuccessful, due to the financial expense of undertaking such actions and the extent of the

invasion. The most likely outcome for much of the vegetation on the Isthmus is that L.

laevigatum will reach the end of its natural life-span (100-150 yr, Burrell 1981) and

senesce. Incidental accounts of senescence have noted L. laevigatum may not be able to

regenerate in gaps due to seed harvesting by ants and persistent browsing by mammals

(Ashton and van Gameren 2002). Hazard and Parsons (1977) also noted an increase in the

dominance of Leucopogon parviflorus post-senescence as it was able to regenerate under

the dense L. laevigatum canopy. However, the successional dynamics of this senescence

and its potential effects on plant species composition is unknown. The goal of this study,

therefore, was to indentify plant community changes associated with the increased

(invasion) and decreased (senescence) dominance of L. laevigatum on the Yanakie Isthmus.

1.6. Study aims

In this study a chronosequence approach was used to investigate the influence of time

following L. laevigatum invasion and senescence on plant community composition on the

Yanakie Isthmus, Wilsons Promontory. It was hypothesized that L. laevigatum would

display an inhibitory influence on species diversity, which ultimately would be removed

through senescence. The negative influence of L. laevigatum was predicted to decrease

species richness as it invaded and that the removal of that influence would result in an

increase in species richness. The composition of the soil seed bank was predicted to have a

strong influence on the composition of senescent gaps. This study specifically asked:

i) How does above-ground plant species richness and composition change through

the successional sequence of L. laevigatum invasion, dominance and

senescence, and is any change spatial scale dependant?

ii) What is the re-colonisation potential of senescent gaps by plant species stored in

the soil seed bank, and how is it affected by fire and leaf litter?

iii) How does above-ground floristic composition relate to any potential changes in

light, litter and soil properties associated with L. laevigatum invasion and

senescence?
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2. METHODS

2.1. Study Area

Wilsons Promontory National Park, the southernmost point of the Australian mainland, is

situated approximately 230 km southeast of Melbourne, Victoria (Fig 1). The Yanakie

Isthmus (38°53’S, 146°14’E) extends from the northern boundary of Wilsons Promontory

to Darby River (representing an area of 6500 ha) and forms a land bridge between the

Australian mainland and the mountains of the National Park (Fig 1). The area of Wilsons

Promontory south of Darby River was temporarily reserved as a National Park in 1898 and

later declared in 1908, when it became Victoria’s first National Park. The Yanakie Isthmus,

however, was only added to the Park in 1969.

Topography consists of a series irregularly distributed, parallel dunes orientated

perpendicular to the coast (Chesterfield 1998). Soils on the Isthmus are of calcareous

sediments overlying siliceous sands from the Pliocene (Oyston 1988). Calcareous sands

deposited during the Pleistocene have formed stable dune formations, however large

calcareous dunes, deposited during the Holocene, frequently lack consolidation (Bennett

1994). Nutrient availability of these soils is low due to high pH. However, the sands have

greater concentrations of phosphorus than other areas supporting similar vegetation on the

Promontory, most likely due to the accumulation of phosphorus by molluscs present in the

calcareous sediments (Parsons 1966; Burrell 1981; Chesterfield 1998). The climate is

maritime and temperate with the mean maximum temperature occurring in February

(20.5°C) and the mean minimum temperature occurring in July (12.2°C). Rainfall is highest

during winter months, approximately 700 mm annually (Wilsons Promontory Lighthouse,

approximately 35 km south of Yanakie Isthmus, Bureau of Meteorology 2009).
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Fig. 1. Location of Wilsons Promontory National Park and the Yanakie Isthmus. Dashed
line denotes current park boundary. Dotted line denotes Darby River. Source: DSE
Interactive Maps.

2.1.1. Study area history

Prior to European settlement and reservation, the Yanakie Isthmus was occupied by

Aboriginals for a period of at least 6,500 years (Frood 1979). Evidence suggests that the

Aboriginal inhabitants implemented a fire regime more frequent than the prehistoric regime

(Whelan 2003). The use of deliberate, low-intensity fires during early autumn was

presumably the major determinant of the kinds of vegetation first documented by early field

naturalist biological surveys as occurring on the Isthmus (Hardy 1906; Holland and

Williams 2005). During the long-term occupation of the area by Aboriginal groups, the

vegetation was thought to have been open in structure and sparsely wooded (Bennett 1994).

Allocasuarina verticillata and Banksia integrifolia were common canopy trees over a grass

dominated understorey and Leptospermum laevigatum was confined to coastal dunes

(Parsons 1966). Pollen analysis has shown that the vegetation of the Isthmus had remained

relatively constant from 6000 years before present (Hope 1974).
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The first European-driven land use change of the Isthmus occurred between 1852

and 1969 when pastoral leases were available. The introduction of grazing cattle would

have facilitated the spread of exotic species to the Isthmus and may have altered soil

properties, the distribution of nutrients and ground water supply (Holland and Williams

2005). Grazing cattle was also associated with increased soil disturbance and selective

grazing which also would have facilitated the spread of new species (Bennett 1994). During

this time a fire regime similar to that of the Aboriginal occupants was employed in order to

promote new growth to feed stock (Holland and Williams 2005). The European fire regime

saw an increase in the distribution and abundance of B. integrifolia on the Isthmus (Bennett

1993). Between 1934 and 1939, approximately 150 ha of vegetation was cleared north of

Darby River during the construction of an airstrip. This clearing created an ideal location

for introduced species to gain dominance. Gibson et al. (1999) found that the area

surrounding the airstrip had a high cover of introduced species in the ground layer, with

little regeneration of native species.

Although included in the National Park from 1969, cattle grazing was not removed

from the Isthmus until 1992. Management policy of the Park included the introduction of

native species such as the Eastern Grey Kangaroo (Macropus giganteus), Common

Wombat (Vombatus ursinus) and Emu (Dromaius novaehollandiae), which may or may not

have been indigenous to the Park prior to European settlement (Holland and Williams

2005; Whelan 2008). Deliberate burning ceased on the Isthmus during this time, consistent

with a state-wide policy of fire suppression. Such a dramatic shift in land use ultimately

resulted in a similarly dramatic shift in vegetation dynamics.

2.1.2 Changes in vegetation

The Yanakie Isthmus was historically described as sparsely wooded (Gregory 1885;

Hardy 1906) but at present the area is almost entirely dominated by dense L. laevigatum

scrub, a species previously confined to coastal dunes (Parsons 1966). The invasion of L.

laevigatum into grasslands, woodlands and previously bare areas on sand dunes was

identified as a problem as early as 1969 (Burrell 1969; Cheal 1994; Groves 2001). Bennett

(1994) studied the vegetation change on the Yanakie Isthmus between 1941 and 1987 using

aerial photography and found that the total area of L. laevigatum scrubland increased from

2,179 ha to 4,516 ha during that time, at a rate of 41 ha/yr between 1969 and 1972, and 72

ha/yr between 1972 and 1987. Recently, Larchin (2007) calculated a spread of 8 ha/yr
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between 1987 and 2001. This reduced rate of spread was most likely the result of

reductions in the area available for expansion.

The expansion of L. laevigatum on the Isthmus and other areas (see Molnar et al.

1989) was mostly due to changes in grazing and fire regimes (Bennett 1994).

Leptospermum laevigatum is killed by fire and does not regenerate vegetatively (Burrell

1969; Molnar et al. 1989). Frequent patch-burning by Aboriginals and graziers would have

contained the spread of L. laevigatum prior to fire suppression (Bennett 1994). The removal

of fire is not the only cause, however, as invasion also requires the removal of competing

vegetation. The introductions of grazing mammals such as the Eastern Grey Kangaroo and

Common Wombat, as well as rabbits (Oryctolagus cuniculus), have also had a significant

impact on the vegetation dynamics of the Isthmus. These grazing animals selectively graze

grasses and forbs over shrub seedlings as they are more palatable (Auld 1990). The

overabundance of these species on the Isthmus from introduction to present has produced

the grazing pressure required to create bare ground in grass dominated understorey,

favourable of L. laevigatum invasion (Bennett 1994).

2.2 Study Design

To assess changes in the vegetation dynamics associated with L. laevigatum

invasion and senescence, 29 sites, representing a successional chronosequence were

selected across the Yanakie Isthmus. Succession was noted as proceeding from an

uninvaded state, through to complete invasion by L. laevigatum, and then senescence. Four

site types were selected for investigation within the current Ecological Vegetation Class

(EVC) of Coastal scrubs, grasslands and woodlands:

- ‘Intact’ – mature B. integrifolia dominating the canopy layer with no L.

laevigatum present (No invasion – ‘control’) [Fig. 2a]

- ‘Young Invaded’ – mature B. integrifolia dominating the canopy layer with an

intact, ≈ 2 m high shrub layer of L. laevigatum [Fig. 2b]

- ‘Heavily Invaded’ – L. laevigatum dominated scrub, ≈ 6 m high, with no B.

integrifolia present as a canopy layer [Fig. 2c]

- ‘Senescent Gaps’ – previously L. laevigatum dominated scrub in which L.

laevigatum has now fallen over [Fig. 2d]
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a) b) c)

d)

Fig. 2. Examples of site types selected for documenting L. laevigatum invasion and
senescence on the Yanakie Isthmus; (a) Intact, (b) Young Invaded, (c) Heavily Invaded,
and (d) Senescence.

It was observed that succession proceeded from uninvaded sites (intact), through an

intermediate (young invaded) before reaching complete L. laevigatum invasion (heavily

invaded). This complete invasion by L. laevigatum vegetation state would persist until

senescence occurred and a canopy gap was formed. Succession could then continue through

time post-senescence. Figure 3 displays profiles of each stage of L. laevigatum invasion –

senescence succession that was studied
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Study sites were confined to the Yanakie Isthmus north of Five Mile Road where

the soil is composed of alkaline calcareous sands (Fig. 4). The sands between Darby River

and Five Mile Road are more highly acidic and therefore not suitable for direct comparison.

Sites were located within close proximity to tracks due to the difficulty in moving through

dense L. laevigatum scrub. All sites were (a) located in swales, (b) a minimum of 10 m

away from a track and (c) a minimum of 50 m from the nearest site.

An equal sample size (n = 5) in each time-since invasion successional stage was

selected. As many senescent gaps that could be located and met the above criteria were

used. A total of 14 gaps were sourced for the study and simply coded with a letter and

number, and assigned to a relative gap age treatment post hoc (see section 3.1.).

Fig. 4. Map of the Yanakie Isthmus with relative positions of sites (numbers) in relation to
tracks (dashed lines). Sites are listed as 1 = Intact, 2 = Young Invaded, 3 = Heavily
Invaded, and 4 = Senescent Gaps (GSP coordinates presented in Appendix I). Source: DSE
Interactive Maps
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2.3. Gap characteristics

A gap as defined by Brokaw (1982) is a ‘hole’ in the forest extending through all

levels down to an average height of 2 m above ground. This definition was developed

primarily for gaps within tropical rainforests which are not only created by fallen trees, but

also falling branches or liana tangles. Brokaw’s definition had limited application for this

study as the focus was on senescent L. laevigatum which was assumed to have fallen to the

ground. A more applicable definition was used by Menges et al. (2008) in their study

examining the gap ecology of Florida scrub. Menges et al. (2008) defined a gap as ‘any

area without shrubs that was ≥ 1 m in length along two perpendicular axes (therefore ≥ 1 m2

in area)’. The current study, however, was not concerned with gaps of such a small size,

and instead, was specifically concerned with senescent treefalls. Gaps were also not

discarded if they were incomplete; i.e. L. laevigatum individuals were still standing within

an area that was clearly a tree-fall gap. A canopy gap was defined as any visible canopy

opening in which L. laevigatum had fallen from an upright position. However, more

specifically, a non-gap was defined as an area in which fallen L. laevigatum was absent

(Heavily Invaded).

2.3.1. Gap size

Gap size was measured using standard methodology developed for tropical treefall

gaps (Green 1996). The distance from some convenient point near the centre of each gap to

its edge was measured in sixteen compass directions (N, NNE, NE, ENE, E, etc.). The total

area of the gap was determined by calculating the areas of each of the 16 triangles created

by the measurements. This method means that not only the size of the gap is assessed, but

also the shape and orientation.

Within 11 of the 14 gaps, each individual L. laevigatum or other species that was

believed to have contributed to the creation of the gap (was fallen over and horizontal

within the gap area and greater than 2 m in length) was assessed for (a) height (to the

nearest 0.5 m), (b) basal circumference and (c) species identity. This was not undertaken at

three of the largest gaps as gap area was too large and plant cover was too extensive to

ensure that all fallen trees which created the gap were accurately assessed. The height and

basal circumference of five randomly selected L. laevigatum individuals were also recorded

at each heavily invaded site. Figure 5 displays the comparison between the size of L.
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laevigatum individuals at heavily invaded and senescent gap sites. Considerable overlap

occurs for both basal diameter and height. Height of L. laevigatum individuals was the

same between heavily invaded sites and senescent gaps (t = 1.301, P = 0.195). However,

the basal diameter of fallen L. laevigatum in senescent gaps was larger than in heavily

invaded sites (t = -3.922, P < 0.001).   Therefore, heavily invaded sites were close, but not

completely representative of the time immediately prior senescence. The number of L.

laevigatum individuals that were still standing within a gap was also recorded so that the

ratio of upright – fallen individuals could be calculated to infer gap ‘completeness’.

Completeness was calculated as: 1 – (no. of individuals still standing / no. of individuals

fallen).

a) b)

Fig 5. Boxplots representing (a) basal diameter, and (b) height of L. laevigatum individuals
within senescent gaps and heavily invaded sites. Senescent gaps: n = 122; heavily invaded:
n = 25.

2.3.2 Gap age

The relative age since creation of each of the gaps was calculated using an index

purposely created for this study, based on observations made in the field. The difference in

rings counts between fallen individuals and those still standing could not be used to

measure absolute age as L. laevigatum does not produce clear annual rings (Hazard and

Parsons 1977). It was observed that as time passed post senescence, a number of definable

changes occurred among the senesced individuals. Firstly, the leaves on the crown would

turn from green to brown and eventually fall off to a point where there was no crown.
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Secondly, the L. laevigatum bark would turn a drier shade of grey, become increasingly

flaky and fall off, leaving behind a smooth trunk. Thirdly, when a fallen L. laevigatum was

not completely uprooted (which was the norm rather than the exception), coppice branches

would grow vertical from the trunk, eventually growing large enough to flower. At all gaps,

each of the three characteristics was scored out of four (Table 1) and added together. Gaps

scoring higher values were therefore older relative to gaps scoring lower values.

Table 1. The method for calculating relative gap age
Score Description

CROWN 1 Intact, alive green leaves, possibly flowering.
2 Leaves still present with substantial loss of colour.
3 Leaves lost, branches still evident.
4 Non-existent.

BARK/TRUNK 1 Highly fibrous, limited loss of colour, not flaking readily.
2 Still fibrous, flaking readily, has become drier and greyer.
3 Fibrous-smoothing in parts, flakes easily, low decomposition.
4 Almost all removed, completely smooth, high decomposition.

COPPICE 1 Not present.
2 Inconspicuous, < 1 m in height, no evidence of flowering.
3 More conspicuous, 1-1.5 m in height, evidence of some flowering.
4 Highly conspicuous, > 1.5 m in height, high evidence of flowering.

The size of the dominant shrubs species within each gap, such as Leucopogon

parviflorus, was not used to infer relative age as they were found to be present in non-gaps

at a similar size. This was supported by Hazard and Parsons (1977) who found L.

parviflorus was able to regenerate under dense L. laevigatum stands. Also, the size of L.

laevigatum seedlings within gaps was not used as they were observed to be infrequent.

Seedlings of L. laevigatum were either present in low abundance (one – three individuals)

within gaps, or more commonly, not at all.

2.4. Soils

To quantify the soil moisture and nutrient status of all study sites, soil was collected

at the start of the spring growing season (early September 2008) before the peak plant

uptake of nutrients such as nitrogen and phosphorus (Tisdale et al. 1985). Soil cores were

dug in three randomly selected locations per site, and the depth to soil B horizon measured.
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The top 5 cm of the soil A horizon was then collected for nutrient and moisture analysis.

Soil samples were transported from the site on ice and stored at -2°C before analysis.

Soil nutrient analysis was carried out at CSBP Ltd. soil testing facility, Bibra Lake,

Western Australia. Samples from each site were pooled prior to being sent, so only a single

sample (approx. 300 g) was analysed per site. Soils were analysed for nitrate, ammonium,

sulphur, potassium and phosphorus content, organic carbon, total nitrogen, conductivity and

pH.

Soil moisture content was measured using the gravimetric sampling method (see

Lookingbill & Urban 2000). Samples were oven dried at 80°C for 48 h.

2.5. Light

Light conditions of each site were indirectly assessed by quantifying canopy

openness through analysis of hemispherical fisheye photographs (hemiphotographs)

(Jonckheere et al. 2005). Photographs were taken with a Sigma 8 mm fisheye lens and a

Nikon camera, using Kodak Professional BW400CN film. The camera was positioned level

atop a 1.3 m stand and orientated to the North. Each intact, young invaded and heavily

invaded site had photographs taken in two randomly selected locations. Gap sites also had

photographs taken in two locations, each as close to the middle of the gap as possible. Each

location consisted of one photo in which the lens aperture was set to 0 (Auto), and one set

to + 1. The photo with the best contrast was chosen for analysis.

Negatives of the hemiphotographs were scanned and digitized for analysis using the

computer software WINPHOT ver. 5 (ter Steege 1996). All images were resized and

adjusted to greyscale using Adobe Photoshop 7.0, to meet requirements of the program.

The photographs were analysed for canopy openness, as well as direct site factor (DSF),

and indirect site factor (ISF). DSF and ISF refer to the photographic estimations of the

proportion of direct and indirect light levels under a canopy relative to the levels outside of

the canopy, respectively (Anderson 1964). Total proportion of light (global site factor,

GSF) reaching a site was calculated as: GSF = (DSF + ISF) / 2 (Canham et al. 1990).
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2.6. Floristic Composition

Nested quadrats were used to assess the dependence of the relationship between L.

laevigatum invasion and senescence and floristic composition on spatial scale. The nested

quadrat approach uses quadrats of increasing size, in which each larger quadrat contains

those smaller quadrats already sampled. This study used quadrats of the dimensions 1 x 1

m, 2 x 2 m, 4 x 4 m, 8 x 8 m, 16 x 16 m and 32 x 32 m. Each site consisted of a single

nested quadrat, up to the dimensions that the site allowed. This method was adopted as it

allowed gaps of larger size to have their floristic composition completely assessed, but also

have smaller scale reference points for direct comparison with gaps of smaller size. All

study sites were large enough to accommodate at least an 8 x 8 m quadrat.

All vascular plant species were first identified in the 1 x 1 m quadrat. Then, as the

quadrats increased in spatial scale, each new species was recorded. Hence, species-area

curves could be constructed. Plants were identified to species level; however, a single

species of Juncus could only be identified to genus. Species were also grouped according to

growth form (tree, shrub, forb and monocot) and whether they were native or exotic. Each

species was assigned a cover abundance score for each size quadrat they were present in,

using the Braun-Blanquet cover abundance scale (Table 2). Braun-Blanquet scores were

also assigned for litter, bare ground and bryophytes for each quadrat and mid-point cover

percentages were used for analysis.

Table 2. The Braun-Blanquet scale for cover abundance.
+  =  sparsely or very sparsely present, foliage cover <5%

1  =  plentiful, foliage cover <5%

2  =  5 – 25% foliage cover

3  =  25 – 50% foliage cover

4  =  50 – 75% foliage cover

5  =  75 – 100% foliage cover



20

2.7. Seed bank

The determination of the soil seed bank was undertaken to estimate its potential

contribution to recruitment in senescent gaps. Therefore, only the seed bank composition

immediately prior to senescence was of concern. Also of concern was how the composition

of germinants could be influenced by litter and effects of fire. As L. laevigatum invasion is

influenced by fire, and senescence may be associated with increased litter, the potential

facilitative influence on germination by fire (see Williams et al. 2005) and inhibitory effect

of litter (Ellsworth et al. 2004) was assessed. Soil for the seed bank analysis was collected

over a three day period in late September 2008, from all five heavily invaded sites. Given

the spatial heterogeneity typical of most soil seed banks (Hill and French 2003), a large

number of small samples were collected, rather than several large samples. At each site, 21

samples, each 30 cm x 30 cm x 2 cm, were collected along a 20 m transect (one every meter

starting at zero) using a knife-edged steel sampling frame. A total of 107 samples was

determined by availability of glasshouse space. Each sample was collected into a plastic

zip-lock bag for transportation. At La Trobe University, samples from each site were sieved

(10 mm mesh) to remove the majority of leaves, roots and rocks before being bulked

together. Bulked samples from each site were then thoroughly mixed and divided into three

equal portions, representing the three treatments (control, litter and heat and smoke) that

were to be applied.

2.7.1 Soil processing and application of treatments

In the case of the heat and smoke treatment, the heat was applied prior to soil being

place in seedling trays, and smoke applied immediately afterwards. At a depth of 2-5 cm,

soil temperature during a low intensity fire is typically around 50-90°C (Raison et al.

1986). To emulate the heat of fire conditions, soil was spread out on aluminium trays to a

depth of 2-3 cm and heated in a 120°C oven for one hour. Actual soil temperatures were

recorded as 68-75°C. Trays were randomly placed within the oven at any one time, with no

reference to site. This random placement ensured the heat treatment was applied

independently to each site, thus avoiding potential pseudo-replication (Morrison and Morris

2000). Heated samples were then bulked and thoroughly mixed to minimise the possible

effects of uneven heating. The soil was allowed to cool before potting.
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Each bulked sample was separated into seven, approximately equal portions for

germination. Standard nursery seedling trays (28 cm x 34 cm x 7 cm) were prepared with a

2 cm layer of vermiculite over a piece of paper towel lining the bottom of the tray. Samples

were spread out to 2-3 cm thickness on the prepared trays. Four additional trays were

prepared containing sterilized soil in order to identify glasshouse contaminants. Trays were

randomly placed within a non-air conditioned glasshouse, prior to the application of the

smoke and litter treatments.

Smoke was applied to heated soil samples in solution as undiluted Regen 2000,

SMOKEMASTERTM. This product is derived from the burning of a variety of eucalypts,

pines and sawdust waste and passing the smoke through water (Wills and Read 2002).

Trays were treated with 9 ml of SMOKEMASTERTM (the equivalent of the recommended

100 ml/m2) once a week for three weeks. Trays were lightly watered following application

to ensure absorption, and left unwatered for 24 h after that to minimize leaching.

In order to assess how much litter was naturally occurring at heavily invaded sites,

coarse litter was quantified by collecting twenty, 0.044 m2 circular samples (radius = 3.75

cm), along a 20 m transect. Samples were collected and allowed to air dry at room

temperature (approx. 25°C) for a minimum of 72 h. All samples were sieved (2 mm mesh)

to remove soil, weighed (to two decimal places) and averaged. Results were extrapolated to

the surface area of a single tray (0.952 m2) and it was calculated that ≈ 50 g mimicked field

conditions. Individual litter samples of ≈ 50 g were weighed out and spread evenly over

each sample. Litter had been collected from the ground, in and around the heavily invaded

sites at the time the soil was collected.

Coarse litter was later determined for all sites, using the same methodology, to

quantify any differences which may have been occurring. In the case of gap sites that were

not large enough to accommodate a 20 m transect, two parallel 10 m transects were used.

Sample trays were watered four times a day for 2 min with an automated mist spray

system. Tray positions in the glasshouse were re-randomised regularly, as there were areas

within the glasshouse which received much less, or much more water than the majority of

trays. The emergence of vascular plants was continually monitored from the beginning of

October 2008 to mid February 2009. All germinants were identified, recorded and then

removed from the trays. Morpho-species that could not be identified were removed from

the trays, re-potted and grown to maturity for identification.
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2.8. Data Analysis

When testing for significant differences between site type and dependant variables,

a significance level of P < 0.05 was accepted (Quinn and Keough 2002). Statistical analysis

and multidimensional scaling were performed using SPSS for Windows v. 15 (SPSS Inc.)

and PRIMER v. 6.1.6 (PRIMER-E Ltd.) respectively

2.8.1. Abiotic variables

To test for differences between site type in regards to abiotic habitat variables (soil

moisture and nutrients, light, canopy openness and litter), one-way ANOVA with

Bonferroni post hoc tests was used when the assumptions of normality and homogeneity of

variances were met. If assumptions were not met, data was either log10 or natural log (ln)

transformed. If assumptions were still not met, the non-parametric Kruskal-Wallis H and

Mann-Whitney U tests were used.

2.8.2 Gap variables

Correlation analysis was used to assess if relationships existed between gap size and

(i) relative gap age (ii) the number of fallen individuals responsible for gap creation and

(iii) gap completeness. Pearson’s Correlation coefficient (r) was used to test for significance

between the two variables.

2.8.3 Above ground and seed bank floristics

Similar analyses were conducted for both the field and seed bank floristic data. One-

way ANOVA with Bonferroni post hoc tests were used to compare total species richness

between treatments, and species diversity (using Simpson’s Index) for seed bank floristics.

If the assumptions of normality and homogeneity of variances were not met, data was either

log10 or natural log (ln) transformed. Species composition data was analysed by non-metric

multidimensional scaling (NMDS) ordination. Dissimilarities between treatments were

calculated using the Bray-Curtis dissimilarity coefficient. Ordinations were performed in

two dimensions as stress values were below 0.2. It has been recommended that a stress

threshold of 0.2 is appropriate, above which misleading interpretations are likely (Clarke
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1993). Ordinations were carried out for both abundance and presence/absence data, at the

scale of 64 m2, as that was the largest scale in which all sites could be compared. The

differences between treatments were compared using one-way analysis of similarities

(ANOSIM) pairwise tests. One-way analysis of similarity percentages (SIMPER) was used

to identify species which displayed the most similarity within treatment groups and

dissimilarity between.

The rate of species accumulation was tested for above ground floristics by

comparison of species-area curves. Data was log10 transformed to produce a linear species-

area relationship. To test for significant changes in the slope (m) and elevation (y) of the

linear function (y = mx + c) between site types, one-way ANOVA and Bonferroni post hoc

tests were used. An analysis of covariance (ANCOVA) was not used as replicate species-

area curves were constructed for each treatment and the mean (±1 SE) slopes were

compared.

Above- and below-ground floristic composition was compared using non-metric

multidimensional scaling (NMDS) ordination. Presence/absence floristic data was used

from the heavily invaded and young gap sites, to assess how much the seed bank resembled

that of either pre- or post-senescence.
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3. RESULTS

3.1. Gaps characteristics

For this study a total of 14 senescent tree-fall gaps were determined for size and

relative age (Fig. 6). Gap size was found to range from 78 – 1,376 m2. A greater number of

gaps were found to be on the smaller end of the size distribution, and therefore a smaller

number were very large (Median size = 336 m2). Relative gap age was found to range from

3 and 11, and contained within the distribution were clear separations of sites which

grouped together as similar ages (Fig. 6b). Senescent gap sites in this study could therefore

be separated into treatments reflecting time-since-senescence for the purposes of

comparison with the treatments representing time-since-invasion (Young Gap, n = 5; Mid-

aged Gap, n = 5; Old Gap, n = 4). Gap sites contained more evidence for animal activity

(i.e. tracks and scats) than non-gap sites. Burrows, of either the Common Wombat or Red

Fox (Vulpus vulpus), were common underneath the fallen L. laevigatum individuals.

a) b)

Fig. 6. Summary of (a) gap size and (b) relative gap age per site. Sites ordered from
smallest to largest or youngest to oldest.

There was a significant positive correlation between gap size and relative gap age

(Fig. 7a, r = 0.55, P = 0.042). However, when the largest gap was removed from the

analysis (Fig. 7b), the strength of the relationship decreased although remained positive (r =

0.54, P = 0.058). As expected, larger gaps were created by a greater number of fallen L.

laevigatum individuals (Fig. 7c, r = 0.68, P = 0.022). At most gap sites, perfect gaps were

not created. Often, live individuals would be left standing surrounded by fallen individuals.
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Only one gap was found to be ‘complete’, with no standing individuals within the gap

boundary. Gap completeness was not correlated with gap size (Fig. 7d, r = 0.44, P = 0.176).

a) b)

c) d)

Fig. 7. Correlations between (a) gap size and relative gap age (n = 14), (b) gap size and
relative gap age (largest site removed: n = 12), (c) number of fallen trees and gap size (n =
11), and (d) gap size and gap completeness.
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3.2. Abiotic variables

3.2.1. Soil

Soils were found to consist of loamy sands, which were brown in colour. The depth

to soil B horizon ranged from 18 – 43 cm (mean = 29.7±1.1 cm). A number of soil

properties were found to differ between time-since-invasion and time-since-senescence

treatment groups (Table 3). The level of phosphorus, nitrate, total nitrogen and percent

moisture within the soil were found to display clear treatment effects (Fig. 8). In all cases,

the level decreased significantly from the intact to heavily invaded vegetation states.  As

time passed following senescence, the amount to phosphorus, nitrate and moisture in the

soil increased to a point similar to the intact state. Total nitrogen, however, did not increase

in a similar pattern.

The conductivity, pH, and amount of ammonium, sulphur and potassium within the

soil did not differ across the study area (Table 3, power = 0.124). An overall treatment

effect was found for the percentage of organic carbon (F5, 23 = 2.76, P = 0.042), whereby the

increase presence of L. laevigatum decreased the amount of organic carbon, which rose to a

similar level as the non-invaded state following senescence. However, no significant

differences were found between treatments in post hoc comparisons.

Table 3. Results of comparison of means analysis between time-since-invasion and time-
since senescence site treatments. Everything by parametric One-way ANOVAs (test
statistic = F), except ammonium, pH, conductivity and soil moisture by non-parametric
Kruskal-Wallis (test statistic = χ2). Nitrate, potassium, and organic carbon were log10
transformed. Significant P values in bold. Degrees of freedom = 5.
Soil variable Units Test statistic P
Phosphorus mg / kg-1 2.932 0.033
Sulphur mg / kg-1 1.482 0.233
Total N % 4.902 0.003
Nitrate mg / kg-1 6.863 0.000
Potassium mg / kg-1 1.785 0.154
Organic C % 2.759 0.042
Ammonium mg / kg-1 2.371 0.769
pH - 8.385 0.136
Conductivity dS / m 7.094 0.214
Soil moisture % 11.508 0.042
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a) b)

c) d)

Fig. 8. Mean (±1 SE) soil nutrient differences between treatments where a significant
difference was calculated. (a) Phosphorus (mg / kg-1), (b) total nitrogen (%), (c) nitrate (mg
/ kg-1), and (d) soil moisture (%). Letters above bars denote significant differences as
calculated by post hoc comparisons.

3.2.2 Litter

Coarse litter biomass varied significantly between treatments (Kruskal-Wallis; χ2 =

58.6, df = 5, P < 0.001). Litter biomass was highest where L. laevigatum had recently fallen

(young gaps: 3.48±0.13 g/0.044 m2), intermediate in sites where a single dominant species

was present (intact: 2.93±0.12 g/0.044 m2 and heavily invaded: 3.68±0.09 g/0.044 m2), and

lowest at sites where neither B. integrifolia or L. laevigatum was dominating exclusively

(young invaded, mid-aged gaps and old gaps) (Fig. 9).
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Fig. 9. Mean (±1 SE) litter biomass for each successional treatment. Different lettering
above bars denotes significant differences between treatments as calculated through Mann-
Whitney U tests.

3.2.3. Light

Results of analysis of hemispherical photographs for canopy openness and amount

of light are presented in Fig. 10. There was a highly significant treatment effect on both

percent canopy openness (F5, 23 = 12.7, P < 0.001) and GSF (F5, 23 = 18.4, P < 0.001). The

presence of complete L. laevigatum invasion significantly reduced canopy openness, and

therefore, GSF. The creation of gaps increased GSF and canopy openness; however, it was

not found to change through time post senescence.

a) b)

Fig. 10. Comparison of light conditions between invasion and senescence treatments
through (a) canopy openness (%), and (b) global site factor (GSF)
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Canopy openness was significantly positively correlated with gap size (Fig. 11a, r =

0.75, P = 0.002). GSF displayed a weak relationship but was not significantly correlated

with gap size (Fig. 11b, r = 0.52, P = 0.057). When the largest gap was removed from the

analysis, both relationships were weakened. However, a significant relationship was still

present for canopy openness (r = 0.67, P = 0.011). Therefore, larger gaps were associated

with a more open canopy that did not necessarily translate to increased available light.

a) b)

Fig. 11. Correlations between gap size (m2) and (a) % canopy openness, and (b) global site
factor (GSF). n = 14.
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3.3. Floristics

In this study, a total of 115 vascular plant species was recorded, comprising 82

native and 33 exotic species. Of these, 14 were not recorded in gaps, of which Luzula

meridionalis var. flaccida, Urtica incisa and Sporobolus virginicus were most common. A

total of 22 species were recorded exclusively in gaps, the most common of which were the

natives Austrodanthonia setacea, Helichrysum scorpiodes and Exocarpus strictus, and the

exotics Physalis peruviana, Sonchus oleraceus and Anthoxanthum odoratum. One species,

Pterostylis cucullata (Orchidaceae), is listed as a threatened species under the Flora and

Fauna Guarantee Act (FFG) in Victoria, and was most abundant in heavily invaded sites.

Another species, Pomaderris oraria (Rhamnaceae), is considered rare.

A total of 28% of the species recorded could be considered generalists on the

Yanakie Isthmus as they were observed in all of the successional treatments. The forbs

Dichondra repens, Geranium potentilloides and Oxalis exilis were the most common,

occurring at all 29 sites. Other common species on the Isthmus included Leucopogon

parviflorus, Lagenophora stipitata, Senecio pinnatifolius, and the exotic Centaurium

erythraea. Interestingly, B. integrifolia was recorded at all heavily invaded sites as

juveniles of one – eight years growth. Conversely, L. laevigatum was recorded at all intact

sites as single individual seedlings at the largest spatial scale.

3.3.1. Species accumulation

The rate of species accumulation was similar between the intact, young invaded and

heavily invaded vegetations states (Fig. 12).  Young gaps displayed a dramatic shift in

species accumulation. However, this was not sustained through time post-senescence, with

old-aged gap having a similar accumulation pattern to the time-since-invasion treatments

(Fig. 12). Species accumulated rapidly as the spatial scale of observation increased to 64

m2, and flatten off to an asymptote as richness increased to ≈ 45 species at the largest

spatial scale. In the young and mid-aged gaps where 1024 m2 quadrats were not used, the

asymptotic richness of ≈ 45 species, as for the other treatments, was reached by the 256 m2

quadrat. A test for differences in the log-log slopes of the treatments displayed a highly

significant difference (F5, 23 = 7.85, P < 0.001). The slope of the linear relationship was

highest in the youngest gaps and lowest at heavily invaded sites (Fig. 13). However, there

no shift in the elevation of curves between treatments (F5, 23 = 1.73, P = 0.168).
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a)

b)

Fig. 12. Log10 transformed species-area curves for (a) time-since L. laevigatum invasion,
and (b) time-since L. laevigatum senescence. Linear relationships: Intact (closed circle): y =
0.1737x + 1.1248; Young Invaded (closed triangle): y = 0.1786x + 1.0774; Heavily
Invaded (closed square): y = 0.1474x + 1.1732; Young Gap (open circle): y = 0.2999x +
0.9874; Mid Gap (open triangle): y = 0.2418x + 1.0926; Old Gap (open square): y =
0.1859x + 1.1075.
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Lower slopes of the species-area linear functions indicate a faster rate of change in

species accumulation. For the intact, young invaded, heavily invaded and old gap

treatments, the lower slope shows that their asymptotic species richness was reached at a

smaller scale compared to young and mid-aged gaps. Conversely, the slope of the young

gap shows a greater overall accumulation of species richness, however at a slower rate.

Young gaps had with a lower amount of species at the small scale but then gained an

overall greater amount quickly at a larger scale. As young gaps contained more species, that

were smaller because they had just become established, a greater amount of area was

required to reach an asymptote.

Fig. 13. Mean (±1 SE) slope of species-area curves. Different lettering above the bars
denote significant difference (P < 0.05) of Bonferroni post hoc tests.

3.3.2. Species richness

The state of L. laevigatum was found to have no influence on species richness at the

smallest spatial scales (1-16 m2; Table 4). At the largest spatial scales (64-1024 m2), the

level of L. laevigatum invasion was not associated with a decline in species richness (Table

4). There was, however, found to be increased species richness in gap sites compared to

time-since-invasion sites at these spatial scales (Table 4). At 64 m2 the difference was

found to be non-significant (F5, 23 = 1.04, P = 0.063); however, the pattern of increased

species richness was evident. Mid-aged gaps displayed a 20% and 25% increase in species
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species richness was observed at 256 m2, where L. laevigatum senescence was significantly

associated with higher species richness (F5, 23 = 10.99, P < 0.001). At this scale, the increase

in species was more dramatic with mid-aged gaps containing 32% and 39% more species

than the intact and heavily invaded treatments respectively. Therefore, gaps had a scale-

dependant, positive effect on species richness.

Table 4. Results of ANOVA tests between mean (±1 SE) species richness of each invasion
or senescence treatment at each spatial scale of observation. Lettering next mean denotes
significant differences between treatments as calculated by Bonferroni post hoc tests.

Spatial
scale
(m2)

Mean (±1 SE) species richness F P
Intact Young

Invaded
Heavily
Invaded

Young Gap Mid Gap Old Gap

1 12.2±1.1 11.4±1.2 13.6±1.3 11±2.3 10.6±1.0 13.0±2.3 0.569 0.723

4 18.4±0.9 15.6±1.6 20.4±1.4 17.4±2.7 19.2±1.2 19.3±1.5 1.034 0.421

16 22.8±1.0 21.6±2.0 24.0±1.1 24.8±3.8 27.6±1.4 26.5±2.6 1.036 0.421

64 28.8±2.2 27.4±2.1 27.6±1.5 32.6±2.0 34.6±1.4 33.5±3.0 2.467 0.063

256 34.6±2.1a 32.4±1.6a 32.8±1.0a 43.7±2.3b 45.7±1.8b 44.3±2.4b 10.997 0.000

1024 42.7±2.5 38.2±1.6 40.6±1.0 - - 56.0 7.913 0.005

Plant life-form species richness was analysed at the scale of 64 m2 so that all sites

could be used. Significant differences were found between the species richness of shrubs

and forbs (F5, 23 = 5.37, P = 0.002 and F5, 23 = 4.15, P = 0.008 respectively; Fig. 14) and

treatment group. All sites were dominated by forbs. However, forb species richness was

found to be lowest in young invaded sites and increased following complete invasion

through to senescence. Where L. laevigatum dominated, the shrub species Leucopogon

parviflorus, Bursaria spinosa, Acrotriche prostrata and Acacia sophorae were found to

form a sub-canopy layer. As a result, species richness of shrubs was lowest where no

invasion had occurred, increased as L. laevigatum invaded, and decreased through time post

senescence. No difference in monocot species richness was found between the treatments

(F5, 23 = 1.76, P = 0.161, power = 0.124)
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Fig. 14. Mean (±1 SE) plant life form species richness between treatments at 64 m2. White
bars = shrubs; light grey bars = monocots; dark grey bars = forbs. Lettering above bars
denotes significant difference between treatments (P < 0.05) as calculated by Bonferroni
post hoc tests. No difference was calculated for monocots

The cover of bryophytes and bare ground at small (1 m2) and intermediate (64 m2)

scales differed between invasion and senescent treatments (Table 5). At the small scale,

bryophyte cover was highest in heavily invaded sites. Although still higher at the

intermediate scale, the difference was found to be non-significant (power = 0.196). Heavily

invaded sites were dominated by the moss Ptychomnion aciculove. This species was only

recorded in one intact and one young invaded site, and was completely absent from the

oldest gaps. No difference was observed in cover of bare ground at the small scale (power =

0.196). However, young invaded sites were found to have significantly higher cover of bare

ground at the intermediate scale (Table 5).

Species richness of exotic plant species was highest in mid and old aged gaps (F5, 23

= 2.64, P = 0.05). The proportion of exotic species, however, was found not to differ

between treatments (F5, 23 = 1.975, P = 0.121, power = 0.124) suggesting higher species

richness of exotics in older senescent gaps, was simply the result of these sites containing

more species. Of the 33 exotic species recorded in this study, nine (27 %) were found

exclusively in gaps. Although five displayed low abundances (only being recorded at one

site), the others were more common, especially the conspicuous Sonchus asper s.l. and S.

oleraceus. Gaps were therefore facilitating the existence of some exotic species on the

Isthmus.
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Table 5. Results of Kruskal-Wallis tests of mean (±1 SE) cover of bare ground and
bryophytes at 1 and 64 m2. Letting next to means denotes significant differences between
treatments as calculated by pairwise Mann-Whitney U tests.

Mean (±1 SE)
χ2 PIntact Young

Invaded
Heavily
Invaded

Young
Gap

Mid Gap Old Gap

1 m2

Bare ground 0.9±0.4 21.3±12.5 0.9±0.4 0.9±0.4 0.9±0.4 0.9±0.4 8.330 0.139

Bryophyte 0.5a 0.9±0.4ac 36.7±20.9bc 6.9±3.5abc 14.2±12.2c 1.5±0.6abc 13.604 0.018

64 m2

Bare ground 1.3±0.5abc 7.3±3.4a 0.5±0.0b 2.1±0.4a 1.3±0.5abc 0.5±2.2bc 12.772 0.026

Bryophyte 0.9±0.4 4.3±2.8 20.9±12.7 5.1±2.6 7.3±3.4 2.0±0.5) 6.407 0.269

Species richness was only a product of gap size at the smallest spatial scale of

observation (Table 6). At all other spatial scales no relationship between gap area and

species richness was recorded (Fig. 15). Regressions were also performed with the removal

of the largest gap site, so to remove the potential influence of an outlier. When this was

done, relationships became even weaker (lower R2 values), except at the largest scale (256

m2) where R2 increased (0.54) and the relationship became negative (y = -0.0213x +

48.536; n = 9). The slope of the linear function at 1 m2 (Fig. 16) revealed the positive

influence of gap size on species richness was only minor. However, at the scale of 1 m2

there was a 183% increase between the species richness of the smallest and largest gaps.

Table 6. Results of Linear Regression Analysis for gap size and species richness at all
spatial scales of observation. n = 14

Spatial scale
(m2)

R2 F P

1 0.408 8.272 0.014
4 0.191 2.828 0.118
16 0.138 1.920 0.191
64 0.073 0.942 0.351
256 0.010 0.070 0.799
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Fig. 15. Linear regression between gap area (m2) and gap species richness at multiple
scales; closed circle = 1 m2; open square = 4 m2; closed square = 16 m2; open circle = 64
m2; open triangle = 256 m2. n = 14, except 256 m2 where n = 10.

3.3.3. Species composition

The state in which L. laevigatum was present in the landscape was associated with

a shift in community composition at the scale of 64 m2 (Fig. 16). Analysis of similarity

between treatments (after L. laevigatum had been removed from species lists) indicated

floristic composition changed through the invasion-senescence succession of L. laevigatum

(Global R = 0.59, P = 0.001). The differences between sites of varying invasion level was

evident as the intact, young invaded and heavily invaded sites clustered together within

treatments and separated out between. Young gaps displayed the greatest variability in

floristic composition. As time post senescence moved from mid-aged to old aged gaps,

floristic composition continued to separate from the intact sites, or a floristic composition

they would have comprised of prior to senescence, on axis one. Gap sites are seen to be

positioned relatively closer to the intact sites on the NMDS configuration as they age (Fig.

16). Pairwise tests found that each treatment had a significantly different floristic

composition to all others, apart from young and mid- and old-aged gaps (Table 7).
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Fig. 16. NMDS ordination of plant species composition (abundance) of time-since invasion
and senescence treatments at the scale of 64 m2. Two-dimensional stress = 0.16.

Table 7. Results of Analysis of Similarity pairwise tests between treatments. Global R
refers to test statistic and P the significance level.

Comparison Global R P
Intact – Young Invaded 0.644 0.032
Intact – Heavily Invaded 0.992 0.008
Intact – Young Gap 0.774 0.008
Intact – Mid Gap 0.848 0.008
Intact – Olg Gap 0.672 0.008
Young Invaded – Heavily Invaded 0.620 0.008
Young Invaded – Young Gap 0.448 0.016
Young Invaded – Mid Gap 0.530 0.024
Young Invaded – Old Gap 0.763 0.016
Heavily Invaded –Young Gap 0.382 0.008
Heavily Invaded – Mid Gap 0.692 0.008
Heavily Invaded – Old Gap 0.813 0.008
Young Gap – Mid Gap -0.022 0.524
Young Gap – Old Gap 0.281 0.087
Mid Gap – Old Gap 0.334 0.048

Analysis of similarity pairwise tests for average dissimilarity (%) between floristic

compositions of treatment groups are presented in Table 8. The highest and lowest

dissimilarities were found between Young invaded and Old Gap sites (72.26%), and Young

Intact
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Young Gap
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Gap and Mid-aged Gap sites (53.76%) respectively. When the average dissimilarity of the

intact sites was compared against all others, a peak of dissimilarity was recorded between

heavily invaded sites. Dissimilarity then lessens as gaps age. Figure 17 visually represents

this change in floristic dissimilarity through plotting the course of vegetation change. As

succession proceeded from young to heavily invaded, the dissimilarity of floristic

composition increased relative to the uninvaded state. As succession proceeded post-

senescence, dissimilarity of floristic composition was decreased relative to the uninvaded

state, thereby turning the direction of vegetation change around. Indicator species

contributing to the dissimilarity of other treatments relative to the intact group are presented

in Appendix 2.

Indicator-species analysis at the scale of 64 m2 identified 22 species that were

contributing to the similarity within groups (Table 9). Only two exotic species (Centaurium

erythraea and Cerastium glomeratum) were found to contribute highly to the similarities

within any groups. Only one moncot (Carex inversa), three shrub (Leucopogon parviflorus,

Bursaria spinosa and Hibbertia sericea s.l.) and one tree (Banksia integrifolia) species

were found to be contributing to the similarity within groups. The natives, Tetragonia

implexicoma and Rhagodia candolleana, contributed highly in the beginning (intact) and

end (old gap) of the successional sequence, but not at any stage through the middle. Old

gaps were also characterised by Pteridium esculentum, which interestingly, was recorded at

both the beginning and end of the invasion and senescence succession (intact and complete

invaded; young gap and old gap), but not in the intermediate times through either sequence.

Dichondra repens was found to be an indicative species within all groups, contributing

most highly to the heavily invaded similarity. The shrub L. parviflorus, contributed most

highly to the similarity of young and mid-aged gaps, where it was recorded in its highest

abundance.

Table 8. Analysis of Similarity pairwise tests for average dissimilarity (%) in floristic
composition between treatments

Young
Invaded

Heavily
Invaded

Young Gap Mid Gap Old Gap

Intact 63.77 68.22 67.58 65.59 61.43
Young Invaded 57.93 63.34 61.64 72.26
Heavily Invaded 55.28 57.65 66.11
Young Gap 53.76 62.07
Mid Gap 58.80
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Table 9. Average abundance of indicative species as they contribute to the average
similarity of L. laevigatum invasion – senescence successional sequence sites. * denotes
exotic species

Av. Abund. Av. Sim. Sim. / SD Contrib. % Cum %
Intact
Banksia integrifolia 2.80 9.52 1.83 17.69 17.69
Tetragonia implexicoma 2.20 5.73 0.90 10.64 28.34
Dichondra repens 1.10 3.78 3.04 7.03 35.37
*Cerastium glomeratum 1.10 3.74 3.38 6.95 42.32
Rhagodia candolleana 1.40 3.51 1.60 6.52 48.84
Senecio glomeratus 0.80 3.05 2.83 5.68 54.52
Young Invaded
Hibbertia sericea s.l. 1.00 4.07 1.15 7.74 7.74
Banksia integrifolia 0.90 3.66 3.20 6.96 14.70
Carex inversa 0.50 3.32 10.44 6.31 21.01
Dichondra repens 0.50 3.32 10.44 6.31 27.32
Geranium potentilloides 0.50 3.32 10.44 6.31 33.64
Oxalis exilis 0.60 3.32 10.44 6.31 39.95
*Cerastium glomeratum 0.50 3.32 10.44 6.31 46.26
Acrotriche verticillatta 1.20 2.92 0.82 5.55 51.81
Heavily Invaded
Dichondra repens 1.20 6.63 6.63 11.31 11.31
Lagenophora stipitata 0.80 4.18 3.48 7.13 18.43
Leucopogon parviflorus 0.80 4.18 3.48 7.13 25.56
Acrotriche verticillatta 1.30 3.61 3.87 6.15 31.72
Acaena novae-zelandiae 0.50 3.32 6.63 5.65 37.37
Bursaria spinosa 0.50 3.32 6.63 5.65 43.02
Geranium potentilloides 0.60 3.32 6.63 5.65 48.67
Senecio pinnatifolius 0.50 3.32 6.63 5.65 54.33
Young Gap
Leucopogon parviflorus 1.50 4.72 1.42 10.79 10.79
Geranium potentilloides 1.10 3.17 3.08 7.25 18.04
Senecio pinnatifolius 0.80 2.28 1.14 5.21 23.25
Dichondra repens 0.90 2.18 3.97 4.99 28.24
Lagenophora stipitata 0.70 2.18 3.97 4.99 33.23
Acaena novae-zelandiae 0.70 2.17 4.83 4.96 38.19
*Centaurium erythraea 0.50 2.01 6.98 4.59 42.78
Hibbertia sericea s.l. 0.60 2.01 6.98 4.59 47.36
Oxailis exilis 0.80 2.01 6.98 4.59 51.95
Mid Gap
Leucopogon parviflorus 1.80 4.75 1.16 9.99 9.99
Dichondra repens 1.10 3.14 3.21 6.60 16.59
Geranium potentilloides 0.90 3.14 3.21 6.60 23.20
Lagenophora stipitata 1.20 2.93 1.65 6.16 29.35
Acaena novae-zelandiae 1.20 2.62 2.29 5.50 34.85
Clematis microphylla 1.00 2.33 1.16 4.89 39.75
Bursaria spinosa 1.00 2.28 1.16 4.79 44.54
*Centaurium erythraea 0.70 2.19 2.97 4.60 49.14
Viola cleistgamoides 0.70 2.18 3.32 4.58 53.72
Old Gap
Tetragonia implexicoma 2.25 5.82 2.02 13.40 13.40
Rhagodia candolleana 1.75 4.00 3.16 9.22 22.62
Dichondra repens 1.50 3.97 3.59 9.15 31.77
Geranium potentilloides 1.25 3.46 10.03 7.97 39.74
Bursaria spinosa 1.25 2.38 0.81 5.49 45.23
Pteridium esculentum 2.00 2.05 0.41 4.72 49.95
Hydrocotyle hirta 1.00 2.00 3.16 4.61 54.56
Sim. / SD = standard deviation of each species contribution to average similarity. Species listed in order of
contribution to average similarity (Av. Sim.), cut off when cumulative percent contribution reaches 50%.
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A total of 33 species were identified as contributing highly (up to 50%) to the

dissimilarity between the floristic composition of the intact vegetation state and all others

(Appendix 2). Not surprisingly, the species contributing most highly to the similarity within

the group, B. integrifolia, T. implexicoma, R. candolleana and Cerastium glomeratum,

were also found to be contributing highly to the dissimilarity between all other treatments.

These four species had a higher average abundance at intact sites compared to others.

However, T. implexicoma and R. candolleana were found to have a greater average

abundance in old gaps. Common species to the Isthmus, C. erythraea, B. spinosa,

Muehlenbeckia adpressa and Lomandra longifolia contributed highly to the dissimilarity as

they were not recorded at the intact sites at all.

At the scale of observation of 16 m2 and above L. laevigatum consistently scored a

five on the Braun-Blanquet cover abundance scale at all heavily invaded sites. At young

invaded sites cover of L. laevigatum was more varied, scoring either a three or a four.

Within senescent gaps L. laevigatum displayed very little regeneration in the form of

seedlings. Most of the cover L. laevigatum was contributing to each gap site was in the

form of coppice branches. At the largest scale all gap sites could be compared (64 m2),

relatively young-aged gaps contained L. laevigatum consistently contributing 5 – 25% of

total foliage cover. This contribution increased in mid-aged gaps where at four of the five

sites L. laevigatum was contributing 25 – 50% of total foliage cover. In the relatively oldest

gaps, however, L. laevigatum contributed very little to total cover, recorded as 5 – 25% in

one site, < 5% in two and absent completely from one other.

Fig. 17. Representation of directional vegetation changes based on the average dissimilarity
of treatments relative to the uninvaded (intact) vegetation state. Dissimilarity relative to the
intact state increases from left to right, and decreases from right to left.
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total foliage cover. This contribution increased in mid-aged gaps where at four of the five

sites L. laevigatum was contributing 25 – 50% of total foliage cover. In the relatively oldest

gaps, however, L. laevigatum contributed very little to total cover, recorded as 5 – 25% in

one site, < 5% in two and absent completely from one other.

Fig. 17. Representation of directional vegetation changes based on the average dissimilarity
of treatments relative to the uninvaded (intact) vegetation state. Dissimilarity relative to the
intact state increases from left to right, and decreases from right to left.
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A total of 33 species were identified as contributing highly (up to 50%) to the

dissimilarity between the floristic composition of the intact vegetation state and all others

(Appendix 2). Not surprisingly, the species contributing most highly to the similarity within

the group, B. integrifolia, T. implexicoma, R. candolleana and Cerastium glomeratum,

were also found to be contributing highly to the dissimilarity between all other treatments.

These four species had a higher average abundance at intact sites compared to others.

However, T. implexicoma and R. candolleana were found to have a greater average

abundance in old gaps. Common species to the Isthmus, C. erythraea, B. spinosa,

Muehlenbeckia adpressa and Lomandra longifolia contributed highly to the dissimilarity as

they were not recorded at the intact sites at all.

At the scale of observation of 16 m2 and above L. laevigatum consistently scored a

five on the Braun-Blanquet cover abundance scale at all heavily invaded sites. At young

invaded sites cover of L. laevigatum was more varied, scoring either a three or a four.

Within senescent gaps L. laevigatum displayed very little regeneration in the form of

seedlings. Most of the cover L. laevigatum was contributing to each gap site was in the

form of coppice branches. At the largest scale all gap sites could be compared (64 m2),

relatively young-aged gaps contained L. laevigatum consistently contributing 5 – 25% of

total foliage cover. This contribution increased in mid-aged gaps where at four of the five

sites L. laevigatum was contributing 25 – 50% of total foliage cover. In the relatively oldest

gaps, however, L. laevigatum contributed very little to total cover, recorded as 5 – 25% in

one site, < 5% in two and absent completely from one other.

Fig. 17. Representation of directional vegetation changes based on the average dissimilarity
of treatments relative to the uninvaded (intact) vegetation state. Dissimilarity relative to the
intact state increases from left to right, and decreases from right to left.
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3.4. Seed bank

In this study, a total of 9,540 germinants were recorded, representing 38 native and

31 exotic plant species. Of the total germinants, 7,063 (74%) were of the exotic herb

Centaurium erythraea. Other common species in terms of total germinants were *Anagallis

avensis (7%), Isolepis nodosa (4.4%), Dichondra repens (2.5%), Viola calycina (2%),

*Cardamime sp. (2%) and Scaevola albida (1.4%). All other species represented < 1% each

of the total germinants from the seed bank. Similar to the above ground floristics, forbs

dominated the seed bank (69% of total species).

The first species to germinate were A. avensis and C. erythraea in both the control

and litter trays, approximately 10 days after the experiment began. Surprisingly, these

species were initially absent from the heat and smoke treatment, instead being replaced by

D. repens, which germinated at approximately the same time. Germination was dominated

by C. erythraea for the entire duration of the study, whereas A. avensis germination

decreased over time. Other early germinants were V. calycina, Oxalis exilis, Swainsona

lessertiifolia and Hydrocotyle hirta. The common species I. nodosa and S. albida were not

present as germinants until approximately two months into the study. Only five species

germinated exclusively in the heat and smoke treatment. However, all five species were

each represented by less than three individual germinants. Leptospermum laevigatum did

not form a soil seed bank, recorded from all sites as only 15 germinants.

3.4.1. Species richness and diversity

The abundance of germinants was highest in control (883.2±93.4) and litter

(857.6±104.8) plots compared to the heat/smoke (167.4±38.5) (F2, 12 = 23.35, P < 0.001).

There was a significant treatment effect on species richness and species diversity (F2, 12 =

11.95, P = 0.001 and F2, 12 = 8.95, P = 0.004 respectively) of the germinable seed bank. As

a product of decreased total germinants, the effects of heat and smoke were found to

dramatically reduce the species richness of the seed bank by 98% relative to the control

(Fig 18a). However, the combined effects of heat and smoke were found to increase the

overall diversity of the seed bank by 76% relative to the control (Fig 18b). The presence of

leaf litter was found to have no effect on the response of the seed bank.
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a) b)

Fig. 18. Mean (±1 SE) (a) species richness and (b) diversity comparison between seed bank
treatments. Lettering above bars denotes significant differences between treatments (P <
0.05) as calculated by Bonferroni post hoc tests.

Germination in all treatments was dominated by forb species. Species richness

comparison of treatments and plant life form revealed a significant difference between plant

species richness of forbs (F2, 12 = 12.83, P = 0.001), but not of monocots or shrubs (F2, 12 =

2.83, P = 0.098, power = 0.120 and χ2 = 4.65, P = 0.098, power = 0.164 respectively).

However, when life form species richness was analysed as a proportion of total species

richness of the site, no significant difference was observed (shrubs: F2, 12 = 0.46, P = 0.638;

monocots: F2, 12 = 0.16, P = 0.853: forbs: F2, 12 = 0.64, P = 0.543: power = 0.120) (Fig.

19a).

The species richness of native species was found to be reduced by the effects of heat

and smoke (F2, 12 = 17.46, P < 0.001). When species richness of natives was analysed as a

proportion of total species richness the significant relationship was retained (F2, 12 = 3.97, P

= 0.047) (Fig. 19b). The proportion of exotic plant species was also found to differ

significantly between treatments (F2, 12 = 3.97, P = 0.031), where heat and smoke increased

the proportion of exotic species compared to the litter treatment (Fig. 19b). The proportion

of native to exotic species in the heat/smoke treatment more closely resembled that of the

total seed bank, compared to the litter and control treatments that were characterised by a

greater proportion of native species
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a) b)

Fig. 19. Mean (±1 SE) proportion of species in each treatment based on (a) different plant
life-forms [shrubs (white bars), monocots (light grey bars) or forbs (dark grey bars)], or (b)
status [exotic (white bars) or native (grey bars)]. Lettering above bars denotes significant
differences between treatments as calculated by Bonferroni post hoc tests.

3.4.2. Species composition

The effect of heat and smoke was associated with a shift in germinant composition

of the soil seed bank (Fig. 20). Presence/absence data was used to remove the influence of

the dominant Centaurium erythraea. Analysis of similarity revealed a significant treatment

effect on the floristic composition of the seed bank (Global R = 0.347, P = 0.002).

Heat/Smoke plots clearly separated out from others along axis one of ordination space and

contained a significantly different composition to control and litter plots (Appendix 3).

Litter was found to have no effect on composition relative to the control (Appendix 3).

Indicator species analysis identified only seven of the 69 germinants as major

contributors to the similarity within treatment groups (Table 10). Of these, four were native

and three were exotic. The exotics Centaurium erythraea and Anagallis avensis were the

most prominent contributors overall. Dichondra repens was the highest contributing native

species, representing ≈ 20 % of the similarity when soil was treated with heat and smoke.

Pairwise comparisons of species contributing to the average dissimilarity between

treatments are presented in Appendix 4.
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Fig. 20. NMDS ordination of plant species composition (presence/absence) of soil seed
bank treatments (control, litter and heat/smoke). Two-dimensional stress = 0.11.

Table 10. Average abundance (Log10 transformed) of indicative species as they contribute
to the average similarity within seed bank treatment groups. * denotes exotic species

Av.
Abund.

Av. Sim. Sim. / SD Contrib. % Cum %

Control
*Centaurium erythraea 6.50 15.06 14.17 24.55 24.55
*Anagallis avensis 3.84 8.04 5.35 13.11 37.66
Isolepis nodosa 3.59 8.03 18.92 13.10 50.76
Viola cleistgamoides 2.44 4.31 3.20 7.02 57.79
*Sonchus oleraceus 1.66 3.63 5.15 5.92 63.71
Litter
*Centaurium erythraea 6.42 15.20 11.73 25.89 25.89
*Anagallis avensis 3.94 8.46 5.26 14.41 40.30
Isolepis nodosa 3.51 7.73 9.30 13.17 53.47
Scaevola albida 2.44 4.52 3.52 7.69 61.16
Heat/Smoke
*Centaurium erythraea 4.06 17.78 5.97 32.54 32.54
Dicondra repens 3.08 10.84 2.50 19.83 52.37
*Sonchus oleraceus 1.84 7.67 6.11 14.04 66.41
Sim. / SD = standard deviation of each species contribution to average similarity. Species listed in order of
contribution to average similarity (Av. Sim.), cut off when cumulative percent contribution reaches 60%.
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3.5. Comparison of above and below-ground floristics

Of the 69 plant species the germinated from the soil seed bank, 43 (62%) were also

recorded in the field. Therefore, 26 species (38%) were recorded exclusively from the soil

seed bank. The most common of these species were Isolepis nodosa, Scaevola albida and I.

marginata. The composition of above-ground flora was calculated to have an average

dissimilarity of 35.6% compared to below-ground flora at the heavily invaded sites.

Comparison of the floristic composition of the seed bank to both the above ground

floristics prior (heavily invaded) and immediately following (young gaps) L. laevigatum

senescence revealed that the seed bank was floristically different from either state (Fig. 21).

Analysis of similarity revealed a highly significant treatment effect (Global R = 0.67, P =

0.002). Seed bank sites clearly separated from both intact and young gap sites along axis

one of ordination space. Significant indicator species of senescent gaps, such as L.

parviflorus, T. implexicoma, Bursaria spinosa and P. esculentum were not represented at all

in the soil seed bank. Rhagodia candolleana was present as only a single germinant. The

state of the soil seed bank may, therefore, not to be a major contributor to floristic

composition of either heavily invaded or newly senesced sites.

Fig. 21. NMSD ordination of plant species composition (presence/absence) above-ground
heavily invaded and young gap sites, and below ground intact sites (seed bank). Two-
dimensional stress = 0.05.
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4. DISCUSSION

In this study the response of plant communities was found to differ through the

successional chronosequence of time-since-L. laevigatum invasion and senescence.

Although the chronosequence method assumes that the only variable to differ between site

types was the condition of L. laevigatum, a number of abiotic variables differed also. A

number of soil properties differed significantly between site types, most important of which

were the amount of nitrate and soil moisture. It was probable that L. laevigatum was

influencing the soil properties at a site through its sheer dominance. It has been found that

some plant species are able to affect ecosystem processes in their favour by reducing the

rate of nitrogen accumulation by coupled nitrification-denitrification, promoting their

competitive position (Adema et al. 2005). An influence of L. laevigatum on soil properties

was further supported as soil moisture and nitrate were more similar to an uninvaded state

as time passed post-senescence. Canopy openness and light responded in a similar way.

The closed canopy that L. laevigatum forms when it dominates a site significantly reduced

light reaching the understory. Although a difference in coarse litter was also recorded, it

was not in such a predictable fashion. The greatest biomass of litter was recorded in young

gaps. This was most likely due to the fact L. laevigatum had recently senesced and was in

the process of discarding its crown. Lower amounts of litter in young invaded and mid to

old aged gaps could be due to no single species dominance at those sites. The condition of

L. laevigatum was a key factor driving these environmental changes. Therefore, the use of

the time-for-space method seems appropriate and hence, most of the observable changes are

attributed to differences in the level of L. laevigatum invasion or senescence.

4.1. Floristic changes through invasion

In this study, increasing dominance of L. laevigatum was not associated with

changes in total species richness or rates of species accumulation. It was, however,

associated with a significant shift in species composition. These results were both contrary

and consistent with other studies which have found increasing shrub dominance decreased

species richness and significantly altered species composition (Hobbs and Mooney 1986;

Costello et al. 2000; Price and Morgan 2008). Farmilo (2008) used a multi-scaled approach

to assess the influence of encroachment by Acacia paradoxa in a herb-rich woodland and

also recorded no change in species richness but a shift in composition. These results
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suggest plant community response to shrub invasion may be highly influenced by spatial

scale.

There was no difference in the slope or elevation of species-area curves between

intact, young invaded and heavily invaded site types. The fact that species accumulated at

the same rate suggests species are arranged within the sites in much the same way, with

similar densities. Oksanen (1996) theorised that if plants vary in size, then the use of small

quadrats of a fixed size will always show maximum species at intermediate levels of

disturbance. Therefore, the common trend of observing fewer species in late successional

communities may be nothing more than the effect of having fewer plants found in fixed-

size quadrats as vegetation becomes sparse (Oksanen 1996). As this study used multiple

sized quadrats, it can be assumed that the effect of plant size and density had been removed

and therefore, L. laevigatum invasion was found not to be a disturbance which altered the

density and distribution of understorey plants.

Increasing dominance of L. laevigatum was associated with no changes in plant

species richness at any spatial scale. A previous study by Molnar et al. (1989) found

invasion and domination by L. laevigatum threatened species richness by forming a dense

canopy that suppresses understorey species. However, this study differed to the current

study in two major ways. Firstly, floristic composition was assessed using fixed sized

quadrats, therefore, possibly being influenced by the scale of observation. Secondly, the

study was undertaken in invaded heath vegetation. Comparison of the findings suggests the

effect of L. laevigatum invasion cannot be generalised across different vegetation types and

scale of observations.

A reduction in light intensity below the shrub canopy has been reported as the most

common cause of richness declines in scrub encroachment studies (Gleadow and Ashton

1981; Hobbs and Mooney 1986; Lett and Knapp 2004; Wearne and Morgan 2004). As this

study also reported a significant decline in available light as L. laevigatum invaded, the

absence of a decline in species richness was unexpected. One possible reason was due to

the sites selected to act as uninvaded controls. Although these sites did not have L.

laevigatum present (except for lone seedlings), they were obviously affected by the

dominance of L. laevigatum in the surrounding landscape. The historically recorded grass-

dominated understorey was not present. Rather, it was replaced by dense thickets of the

creepers Tetragonia implexicoma and Rhagodia candolleana. Therefore, species could have

already been lost from the system. Sites dominated by Banksia integrifolia were simply not
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present in the same state as they once were on the Yanakie Isthmus (J. Whelan pers.

comm.).

Although L. laevigatum has been described as ‘producing a species-poor scrub’

(Molnar et al. 1989), most studies concerned with L. laevigatum invasion have focussed

predominantly on rates and mechanisms of spread (Burrell 1981; Bennett 1994), or effects

of fire (Burrell 1969; Molnar et al. 1989). Molnar et al. (1989) presented their conclusion

after only reporting that under mature, unburnt, L. laevigatum there were ‘very few other

species’, and that only three native species were recorded occasionally. The result of the

current study puts doubt on making such a generalisation on the effect of L. laevigatum

invasion. It was found that species richness was relatively high, recording ≈ 10 species at

the smallest scale (1 m2) and ≈ 35 at the largest scale (1024 m2), with the majority of

indicative species being natives. These findings reflect more those of Ashton and van

Gameren (2002) who, though not explicitly studying the successional dynamics of

invasion, recorded similarly high numbers of total species and native species under mature

L. laevigatum on a calcareous dune system. Therefore, invasion of the B. integrifolia

woodlands on the Isthmus does not alter total species richness in the same way as invasion

into heath vegetation.

Increased dominance of L. laevigatum was associated with an increase in the species

richness of shrubs, but had no effect on monocots and forbs. It has been documented that

increased litter associated with shrub encroachment may be responsible for shifts in the

proportional representation of plant life-forms under the shrub canopy (Wearne and Morgan

2004; Price and Morgan 2008). As no change in litter biomass between uninvaded and

complete invaded sites was recorded here, the significant increase in shrub species richness

was simply the difference between very few (1-2) shrub species present in intact sites,

compared to slightly more (5-6) under the L. laevigatum canopy.

The successional dynamics of L. laevigatum invasion were associated with a

significant change in plant species composition, consistent with many other shrub

encroachment studies (Costello et al, Wearne and Morgan 2004; Lett and Knapp 2005;

Price and Morgan 2008). A shift in composition but no change in richness suggests that

replacement was occurring in the system. This shift in composition was most likely the

result of changes in the microenvironment (e.g. light and soil properties) created by the

invasion of L. laevigatum. Shading can affect the germination and establishment of

understorey species (Morgan 1998; Clarke et al. 2000) and favour a small group of shade-

tolerant species. Species found to be highly characteristic of heavily invaded sites were the
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flat-leaved herbs Dichondra repens and Lagenophora stipitata and the shrubs Leucopogon

parviflorus and Bursaria spinosa. These species may represent the shade-tolerant flora of

the system. Hazard and Parsons (1977) found that L. parviflorus establishment was more

common under a dense L. laevigatum canopy. The flat-leaved herbs could have been

increasing light capture by having relatively larger leaves. The shift in species composition

could also have been driven by the influence of L. laevigatum on soil properties. The

change in these properties may represent habitat filters in which species could either pass

through and exist within the site or not.

4.2. Floristic changes through senescence

If a gap does not offer an environment dissimilar to the heavily invaded state (either

because they are too small or too recently formed), vegetation may exhibit little response

(Collins and Pickett 1987). In this study, the senescence of L. laevigatum, and the

subsequent time that passed following the event, was associated with significant changes in

light and soil properties, resulting in changes in species accumulation, richness and

composition. These findings were similar to other studies which have found the altered

environment within gap provides increased opportunity for plants, ultimately resulting in

increased richness and altered composition (Denslow et al. 1998; Britton et al. 2000; Rantis

and Johnson 2002; Menges et al. 2008). This study found gaps contained more light, soil

moisture and nitrate relative to the heavily invaded state. The effects of gaps on soil

resources are well documented, with increased soil moisture and nitrogen generally

attributed to decreased plant uptake and transpiration (Denslow 1998; Cahill and Casper

2002).

The rate of species accumulation was found to rise dramatically initially following

senescence. The point immediately following the senescence of L. laevigatum represents

the only time within the entire invasion – senescence successional sequence that no one

species has competitive dominance over the site. Systems in which a single dominant

species exists are generally associated with lower species richness simply by the dominant

species occupying space and resources (Tillman 1990; Myster and Pickett 1992). As a

result of the removal of the dominant species, an increased number of species were able to

take advantage of released space and resources, and therefore, the rate of species

accumulation increased. Menges et al. (2008) found that only one species was contributing

over 1% to the overall cover of species rich gaps in Florida scrublands, with all others
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contributing less than that. In this study, as time passed post-senescence, the rate species

accumulation was found to decrease to a level not dissimilar to time-since-invasion

treatments. As senescent gaps aged, single species dominance returned to the sites. The

native species Tetragonia implexicoma, Rhagodia candolleana and Pteridium esculentum

were found to dominate old age gaps.

When relative gap age was used for analysis, gaps were found to display a scale-

dependant facilitative effect on species richness. The increased species richness of gaps

compared to other treatments was only recorded at the largest spatial scale. This facilitative

effect of gaps was most likely the product of changes in site heterogeneity associated with

changes in the physical environment and species dominance. Species richness increased

dramatically following senescence, and decreased over time as a result of similar changes

in heterogeneity. A tree-fall creates (i) an open canopy, resulting in (ii) an altered light

environment, and (iii) a patchy distribution of litter; all of which are important for the

increase of microhabitats available for the establishment of plants. Although species

richness was found to decline with gap age, important soil properties did not. This suggests

that dominant species of old age gaps are not consuming resources the same way as L.

laevigatum, ultimately having less of an inhibitory influence and, therefore, allowing a

relatively higher species richness to persist.

The fact that species richness of gaps was only significantly higher at larger scales

was inconsistent with other studies which have found species richness was increased at

both the small (individual quadrats) and large (entire gap) scales (Anderson and Leopold

2002; Rantis and Johnson 2002; Menges et al. 2008). The lack of small-scale differences in

species richness may be the result of two aspects of this study design. Firstly, most studies

use many smaller quadrats within each gap. This study sacrificed this intense small-scale

replication in favour of surveying at multiple scales. Secondly, it has been found that there

are generally higher species counts at the centre of gaps (Sipe and Bazzaz 1995; Busing and

White 1997; Anderson and Leopold 2002). The nature in which gaps were surveyed, using

nested quadrats, meant that the smallest quadrats were always placed relatively close to the

edge of the gap in order to accommodate for the largest possible quadrat size. As each gap

only contained a single quadrat of each small scale, species richness at these scales may

have been under estimated.

When gap size was used for analysis, species richness was found to be positively

correlated with gap size at only the smallest scale of observation. An increase in species

richness with increased gap size has been a common result of much research on gap
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dynamics (Denslow 1980; Uhl et al. 1988; Anderson and Leopold 2002; Menges et al.

2008). This increase in species richness is generally attributed to increases in the

availability of light the larger a gap is as well as simply having more space to accommodate

more individuals. For this study, canopy openness was found to be significantly correlated

with gap size. Available light was also positively correlated but not as strongly. These

factors were, therefore, the most likely drivers of increased species richness. The lack of

effect of gap size on species richness at the other scales of observation could be attributed

to changes in relative gap age. Gap size and relative gap age were shown to be correlated,

suggesting that often largest gaps are also the oldest. As species richness was found to

decrease with relative age due to species dominance, the largest gaps would contain fewer

species than would be possible if there was a more even representation. These findings

highlight how the effect of gap size has the potential to be confounded by the scale of

observation and relative gap age.

Gaps were dominated by herbaceous species, similar to all other treatments. The

domination of forbs within gaps was to be expected within a forb-dominated system

(Anderson and Leopold 2002). The richness of monocot species was not found to be altered

by gap formation, even though the growth of grasses may be enhanced by increased

nitrogen (Britton et al. 2000). It was more probable that the unchanged species richness of

monocots was due to their decreased persistence in the landscape.

The senescence of L. laevigatum was associated with a change in floristic

composition. All relative gap age treatments displayed significant dissimilarity to the

floristic composition of any time-since-invasion treatments. Changes in floristic

composition associated with gap formation have been commonly reported (Anderson and

Leopold 2002; Rantis and Johnson 2002; Menges et al. 2008) due to significant changes in

light and soil properties. However, this may not always be the case. Uhl et al. (1988) found

that 97% of trees within Amazonian treefall gaps were present prior to creation and were

the result of advance regeneration. My results may be intermediate between a complete

turnover of individuals and advance regeneration. A total of 22 species were found

exclusively in gaps, suggesting a facilitative aspect and species turnover. However,

indicator species analysis did not show that these species were contributing highly to the

floristic composition change observed. Instead, it was changes in the relative abundances of

many common species, such as Leucopogon parviflorus, Dichondra repens and Acaena

novae-zelandiae, which were altered by the presence of a gap. These results, coupled with

the fact that most species were generalists across all successional stages of L. laevigatum
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invasion and senescence, indicate that advance regeneration was a major contributor in the

floristic composition and structure of gaps.

Leucopogon parviflorus was present at all heavily invaded sites as the dominant

species in the sub-shrub strata, and increased in abundance in young and mid-aged gap. It

has previously been noted that L. parviflorus is able to establish and persist under dense L.

laevigatum where it is present as a subordinate species (Hazard and Parsons (1977). This

shrub, therefore, represents a key species for the advanced regeneration of gaps. Incidental

accounts have shown that L. parviflorus does indeed become more vigorous as L.

laevigatum senesces and is progressively damaged by severe storms (Hazard and Parsons

1977; Ashton and van Gameren 2002). This has been attributed to the increased

regeneration ability of L. parviflorus by seed and that individuals appeared to be much less

browsed. In contrast, there were few L. laevigatum individuals, probably due to seed

harvesting by ants and persistent browsing by mammals (Ashton and van Gameren 2002).

These findings explain why L. laevigatum seedlings were rarely recorded within senescent

gaps for this current study. It was also noted that senescent gaps contained more evidence

of mammal activity than heavily invaded sites, therefore supporting possible grazing effects

on L. laevigatum regeneration. Therefore, in the absence of fire, L. laevigatum was not re-

establishing to a dominant state within senescent gaps. Leptospermum laevigatum

decreased in abundance with relative gap age most likely due to any seedlings not

becoming established and coppice branches eventually dying. The importance of L.

parviflorus as an indicator species during senescence also decreased with relative gap age.

Leucopogon parviflorus was not indicative of old aged gaps. Ashton and van Gameren

(2002) do not report this phenomenon, suggesting their study was limited to more recently

formed gaps. The successional dynamics of L. laevigatum and L. parviflorus within

senescent gaps suggest that the initial recovery does not represent the stable state of these

sites.

Variability in floristic composition was found to decrease with relative gap age.

Young gaps were found to have a floristic composition not dissimilar to both mid and old-

aged gaps. These findings suggest that most of the species present in gaps at any time post-

senescence may have initially been recruited early on. Comparing the numbers of species

found exclusively in each relative gap age treatment infers that both early and late

successional gap species may exist. Six and seven species were found exclusively in young

and old aged gaps respectively. However, only one species (*Bromus diandrus) was found

exclusively in mid-aged gaps. As succession is primarily the function of differential
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survivorship among early and late successional species (Collins et al. 1995), the

intermediate disturbance hypothesis (Connell 1978) predicts that species richness will be

highest at intermediate time-spans following disturbance. The predictions made by the

intermediate disturbance hypothesis are difficult to interpret as the time scales in which

early, intermediate and late succession refers to are not clearly defined. Although there may

be early and late successional species within the L. laevigatum senescence sequence, the

relative age distribution of gaps within this study may not represent the entire successional

time span. The overall decline in species richness recorded with time post-senescence

indicates that either the gap sites represent the downward end of the relationship

(intermediate – late succession) or, more likely, the intermediate disturbance hypothesis is

not be relevant for this disturbance.

Floristic composition of relatively older gaps was most similar to the uninvaded

state. Dissimilarity comparisons for intact sites revealed peak dissimilarity was between

heavily invaded sites and decreased over time post-senescence. Both intact and old-aged

gap sites were dominated by T. implexicoma and R. candolleana which were species not

indicative of any other treatments. Pteridium esculentum has previously been described as a

characteristic species of Banksia integrifolia woodland to open-forest communities on the

Yanakie Isthmus (Leech 1973; Bennett 1994), but was not found to be in this study.

However, P. esculentum was found to be indicative and dominant in relatively older gaps.

This result suggests that the floristic composition of senescent gaps may not only return to

something more similar to an uninvaded state, but also something more similar to a Banksia

integrifolia woodland that is no longer present on the alkaline calcareous sands of the

Yanakie Isthmus.

4.3. Seed bank potential for recovery

The regeneration in L. laevigatum senescent gaps on the Yanakie Isthmus was not

driven by the composition of the soil seed bank. Instead, the presence of advance

regeneration and possible dispersal into the formed gap were thought to be major

contributors. The germinable seed bank was dominated by forb species, with monocots and

shrubs being sparsely detected. A total of 43 species that germinated from the seed bank

were also recorded in the field, the majority of which were common to the Isthmus as a

whole and not highly indicative of gap or uninvaded vegetation types. The seed bank was

also found to have a completely dissimilar floristic composition to the above-ground flora
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immediately prior or post senescence (Fig. 20).  A total of 26 species were recorded

exclusively as seed bank species suggesting that the seed bank may not receiving the

required environmental cues in senescent gaps to stimulate germination or that germinants

are quickly grazed out.

The simulated effects of fire significantly altered the species richness, diversity and

composition of germinants from the soil seed bank. As the Yanakie Isthmus historically

consisted of grassy open woodlands that were burnt frequently (Hardy 1906; Whelan 2003;

Holland and Williams 2005), it could be assumed that many of the species present would

have evolved fire-cued mechanisms for germination, similar to flora of other fire-prone

vegetation (e.g. South African fynbos (Brown 1993)). Of all the species that germinated

from the seed bank, only five were found exclusively in heat and smoke treatments. This

result supports the hypothesis that the much of the original fire-cued flora has been lost

from the system. The effects of fire were also associated with a reduction in species

richness of germinants. Heat shock and smoke have been a shown to break seed dormancy

in a small percentage of species, however, is usually associated with significant increases in

species richness (Warcup 1980; Enright et al. 1997; Hill and French 2003; Williams et al.

2005). The reduction in species richness was, therefore, the product of the current

composition of the seed-bank. Exotic species dominated the total germinants and accounted

for 45% of the total species which may reflect past disturbances by grazing cattle. These

species may not have evolved in fire-prone vegetation and, therefore, not developed fire-

cued germination mechanisms.

Although found to display lower species richness, the effects of heat and smoke

were associated with a significant positive effect on species diversity. Germination in

control and litter plots was dominated by the exotics Centaurium erythraea and Anagallis

avensis. These species also germinated in the heat/smoke treatment but in much lower

numbers. It was through this inhibition of the germination of the most common species

which led to a more even representation of species and, therefore, increased diversity.

These results highlight the inherent danger in presenting species richness as a surrogate for

species diversity. Generally, seed-bank estimate studies which have used heat and smoke

treatments report both species richness and total germinants but do not apply this

information to  diversity indices (Hopkins and Graham 1984; Enright et al. 1997; Hill and

French 2003; Williams et al. 2005). Williams et al. (2005) showed that heat shock

significantly increased species richness of germinants, and total density of seedlings,

natives, exotics, subshrubs, ephemeral and twining perennial forbs. These results would
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assume an overriding positive effect of fire on seed-bank germination; however, no data on

species diversity was presented. As fire was found to be associated with decreased species

richness and number of germinants, this current study would assume an overriding negative

effect of fire on seed-bank germination. Increased diversity of germinants, however,

displayed a potential positive affect. Therefore, it is possible that the effect of fire on the

Isthmus seed bank may not be to facilitate germination of the native, fire-cued flora (as it is

not present) but to inhibit the germination of the dominant, exotic flora. This has not been

explicitly studied; however, exotic species within fire prone vegetation generally respond

negatively to fire (Clarke et al. 2000; Thomas et al. 2003: Williams et al. 2005)

Leaf litter was found to have no effect on the germinable seed bank. The presence

of litter did not have any inhibitory effects either through allelopathic mechanisms or

simply by acting as a physical barrier. Ellsworth et al. (2004) found that fragmented litter

had no effect on seedling emergence but that intact litter decreased emergence by up to

20%. No effect by leaf litter would be expected, as litter in this study attempted to replicate

natural conditions. As this involved spreading litter loosely over the germination trays,

ample space between leaves was available for seedling emergence. There may also be the

potential for leaf litter to trap a greater amount of moisture and therefore facilitate

germination (Ellsworth et al. 2004). The understanding that leaf litter was not having an

inhibitory effect on seedling emergence from the seed bank was important for

understanding regeneration within senescent gaps. Relatively newer formed gaps were

characterised by higher amounts of leaf litter. As emergence from the seed bank was found

to account for very little of floristic composition within gaps, it can be assumed that this

was not due to the presence of increased leaf litter.

4.4. Study limitations and recommendations

The confines of this study to a single year meant that a level of temporal variation

may have been missed, making extrapolation over different years difficult. Seed bank

estimates have shown to vary seasonally (McIvor 1987; Williams et al. 2005), as well as

floristic composition, due to the short presence of annual species. This is especially true in

an age of variable climatic conditions where drought is common. As climatic variables

were evenly distributed across all study sites, they will presumably not affect future

predictions based on this study.
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Many limitations exist in the power of seed bank analyses in predicting site

recovery following disturbance. Firstly, species may have been present in the seed bank that

required environmental cues other than fire to break seed dormancy. Studies have shown

that the germination of some herbaceous species from temperate communities can be

effected by varying temperature, light and darkness (Morgan and Lunt 1994; Morgan 1998;

Clarke et al. 2000). Therefore, seed bank estimates may have been under-estimated in this

study. Secondly, not all species within the landscape are going have soil stored seed. Most

systems will also include species that resprout and obligate seed. The domination of the

seed bank by forbs was consistent with the generalisation that trees and shrubs only

produce short-lived seed banks and seedling recruitment may only result when appropriate

environmental conditions coincide with seed fall (Higgins et al. 2000). The presence of

these kinds of species highlights the role of advance regeneration and dispersal into gap

sites for site recovery.

Seed dispersal into gaps was not measured in this study and advance regeneration

was indirectly inferred. Future studies on the community dynamics of senescent L.

laevigatum would benefit greatly from quantifying dispersal into a gap my measuring seed

rain. Advance regeneration within gap sites was not directly measured as floristic

composition was not assessed prior to gap formation. This study used a chronosequence

approach in order to assess changes over greater time spans, rather than within a single

year. Advance regeneration was inferred by comparing floristic composition of senescent

gaps to heavily invaded sites that had not yet senesced. As this study has described the

basic patterns of change, future work could focus on the experimental creation of gaps. This

approach would more accurately assess the role of advance regeneration, as well as being

able to better quantify time post-senescence. The effect grazing was having on L.

laevigatum reestablishment in senescent gaps could also be better quantified with

experimental gaps through grazing removed treatments.

Increased plant growth commonly observed within gaps has also been attributed to

reduced below-ground competition, independent of any advantaged gained from increased

light (Cahill and Casper 2002). By providing areas of low belowground competitive

intensity, gaps could allow poor below ground competitors to persist, thus increasing

diversity (Cahill and Casper 2002). As L. laevigatum was found to have a strong influence

on soil properties, it could be assumed that some of the response by species within gaps

could have been driven by altered below-ground competitive structures. Further research

should be taken to better quantify this dynamic on the Yanakie Isthmus in order to assess
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how important root competition is in determining early successional species composition in

senescent gaps.

4.6. Conclusions

Although L. laevigatum invasion was not found to display a strong inhibitory

influence on total species richness, vegetation still responded positively from its removal by

senescence. The invasion of L. laevigatum was associated with decreased available light

and important soil properties such as moisture, nitrate and phosphorous, resulting in a

significant alteration of species composition. The removal of L. laevigatum, through

senescence, returns these important properties to a level more similar to an uninvaded state.

Most surprising was that L. laevigatum altered these environmental properties in a way that

would assume an inhibitory influence but vegetation did not respond in such a predictable

way. No decrease in total species richness was recorded in heavily invaded stands at any

spatial scale. Although uninvaded sites in this study are not representing the original state

in which L. laevigatum invaded, it was important to note that a high number of species exist

within the dense scrub, in particular the threatened orchid Pterostylis cucullata. Most

importantly, the inhibitory mechanisms of L. laevigatum were not found to return to any

gap sites.

The dynamics of L. laevigatum invasion and senescence have been summarised

using the state and transition framework (Fig. 22, Westoby et al. 1989). Leptospermum

laevigatum dominance (State 2) represents the stable state in which much of the Isthmus is

currently in. Encroachment (T1) has occurred due to infrequent fire and elevated grazing

pressures (Burrell 1981; Bennett 1994). The dominance of L. laevigatum within the

landscape has also altered the uninvaded woodland (State 3) to something dissimilar to the

historical state (State 1). When L. laevigatum senesces, a completely dissimilar state is

created (State 4) characterised by increased species richness and heterogeneity. It may be

possible for this state to revert back to state 2 if L. laevigatum is able to recruit sufficiently.

As L. laevigatum dominates the landscape and is continually shedding seed (Ashton and

van Gameren 2002) this may be possible, especially if a fire enters the system at this point.

However, all evidence obtained concerning L. laevigatum senescence, from both this study

and prior, suggest otherwise. Leptospermum laevigatum was present in gaps mostly as

coppice branches that reach a peak in abundance and then decrease as time passes post-

senescence. In the unburnt landscape, L. laevigatum will probably not re-assert dominance



58

within senescent gaps. More likely, senescent gaps may change into something more

similar to the altered uninvaded woodland if B. integrifolia is able to recolonise (T5). This

may be probable as although B. integrifolia was not present in relatively old-aged gaps as

large, mature individuals, they were present in both gaps and heavily invaded sites as

juveniles. At this stage reversibility from any state to the historic grassy woodland state

seems unlikely under ‘non-interventionist’ management.

Fig. 22. State and transition model summarising the dynamics of L. laevigatum invasion
and senescence on the Yanakie Isthmus in the absence of management. State 3 refers to
intact (control) sites used in this study.

This study detailed the general successional community changes that were occurring

due to L. laevigatum senescence on the Yanakie Isthmus. The floristic composition of a

single gap that was excluded from the study displayed a site dominated by Pomaderris

oraria. This species was also recorded in senescent gaps of this current study but never as a

site dominant. Observations of the site over time describe a successional dominance shift

from Bursaria spinosa to the generally coastal P. oraria (J. Whelan pers. comm.). Although

an interesting result, this site was located on a large dune slope that was situated along the

northern boundary of the park facing farmland. This result shows that the successional

58

within senescent gaps. More likely, senescent gaps may change into something more

similar to the altered uninvaded woodland if B. integrifolia is able to recolonise (T5). This

may be probable as although B. integrifolia was not present in relatively old-aged gaps as

large, mature individuals, they were present in both gaps and heavily invaded sites as

juveniles. At this stage reversibility from any state to the historic grassy woodland state

seems unlikely under ‘non-interventionist’ management.

Fig. 22. State and transition model summarising the dynamics of L. laevigatum invasion
and senescence on the Yanakie Isthmus in the absence of management. State 3 refers to
intact (control) sites used in this study.

This study detailed the general successional community changes that were occurring

due to L. laevigatum senescence on the Yanakie Isthmus. The floristic composition of a

single gap that was excluded from the study displayed a site dominated by Pomaderris

oraria. This species was also recorded in senescent gaps of this current study but never as a

site dominant. Observations of the site over time describe a successional dominance shift

from Bursaria spinosa to the generally coastal P. oraria (J. Whelan pers. comm.). Although

an interesting result, this site was located on a large dune slope that was situated along the

northern boundary of the park facing farmland. This result shows that the successional

58

within senescent gaps. More likely, senescent gaps may change into something more

similar to the altered uninvaded woodland if B. integrifolia is able to recolonise (T5). This

may be probable as although B. integrifolia was not present in relatively old-aged gaps as

large, mature individuals, they were present in both gaps and heavily invaded sites as

juveniles. At this stage reversibility from any state to the historic grassy woodland state

seems unlikely under ‘non-interventionist’ management.

Fig. 22. State and transition model summarising the dynamics of L. laevigatum invasion
and senescence on the Yanakie Isthmus in the absence of management. State 3 refers to
intact (control) sites used in this study.

This study detailed the general successional community changes that were occurring

due to L. laevigatum senescence on the Yanakie Isthmus. The floristic composition of a

single gap that was excluded from the study displayed a site dominated by Pomaderris

oraria. This species was also recorded in senescent gaps of this current study but never as a

site dominant. Observations of the site over time describe a successional dominance shift

from Bursaria spinosa to the generally coastal P. oraria (J. Whelan pers. comm.). Although

an interesting result, this site was located on a large dune slope that was situated along the

northern boundary of the park facing farmland. This result shows that the successional



59

dynamics of L. laevigatum senescence on large exposed dunes and dune slopes may be

highly different than the response exhibited within gaps surrounded by dense scrub.

Gaps caused by senescence have been shown to be an integral part of the heavily L.

laevigatum invaded landscape of the Yanakie Isthmus. These sites provide locations of high

species richness due to site heterogeneity. If the current extent and distribution of senescent

gaps can be determined through analysis of aerial photographs, a greater understanding of

the vegetation dynamics of the Yanakie Isthmus would be obtained. Research could also be

extended into the successional dynamics of senescent gaps in other ecosystems

experiencing shrub encroachment (e.g. Grampians – L. scoparium, Price and Morgan 2008

and Inverleigh Flora and Fauna Reserve – Acacia paradoxa, Franco and Morgan 2007).

Although L. laevigatum senescence was not found to restore the historic vegetation state,

they were found to represent a unique plant community in their own right as well as being

more similar to an uninvaded state. Although not the complete desired outcome for

vegetation on the Yanakie Isthmus, these findings represent a positive for current land

managers, where in the absence of management, senescence was found to remove the

inhibitory influence L. laevigatum was having in the landscape and provide important

locations for species persistence.
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6. APPENDICES

Appendix 1

GPS locations of all 29 study sites on the Yanakie Isthmus, Wilsons Promontory National

Park.

Treatment Replicate Latitude (S) Longitude (E)
Intact 1 38°54’06.4’’ 146°15’20.9’’
Intact 2 38°54’50.2’’ 146°17’21.0’’
Intact 3 38°54’44.2’’ 146°17’18.2’’
Intact 4 38°51’42.4’’ 146°13’49.0’’
Intact 5 38°54’07.3’’ 146°15’24.8’’

Young Invaded 1 38°54’09.2’’ 146°15’36.6’’
Young Invaded 2 38°55’04.4’’ 146°16’04.5’’
Young Invaded 3 38°54’43.9’’ 146°17’20.3’’
Young Invaded 4 38°54’39.4’’ 146°16’47.9’’
Young Invaded 5 38°54’40.7’’ 146°17’00.1’’

Heavily Invaded 1 38°53’41.9’’ 146°13’03.5’’
Heavily Invaded 2 38°53’42.9’’ 146°13’03.9’’
Heavily Invaded 3 38°54’53.7’’ 146°17’21.4’’
Heavily Invaded 4 38°54’29.4’’ 146°16’39.5’’
Heavily Invaded 5 38°51’43.6’’ 146°13’43.9’’

Senescent Gap 1 38°51’40.6’’ 146°13’54.6’’
Senescent Gap 2 38°53’03.2’’ 146°17’03.4’’
Senescent Gap 3 38°53’01.7’’ 146°16’52.3’’
Senescent Gap 4 38°54’09.2’’ 146°15’36.0’’
Senescent Gap 5 38°53’41.4’’ 146°14’02.9’’
Senescent Gap 6 38°53’42.5’’ 146°14’04.5’’
Senescent Gap 7 38°53’44.3’’ 146°14’05.9’’
Senescent Gap 8 38°54’52.6’’ 146°17’21.7’’
Senescent Gap 9 38°54’40.3’’ 146°17’00.7’’
Senescent Gap 10 38°54’38.7’’ 146°16’49.8’’
Senescent Gap 11 38°54’20.2’’ 146°16’24.8’’
Senescent Gap 12 38°51’43.7’’ 146°13’34.4’’
Senescent Gap 13 38°51’47.4’’ 146°12’45.0’’
Senescent Gap 14 38°53’46.3’’ 146°14’16.9’’
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Appendix 2

Average abundance of indicative species as they contribute to the average dissimilarity

between the intact vegetation state and all other treatments. * denotes exotic species

Intact Other treat.
Av. Abund. Av. Abund. Av. Diss. Diss. / SD Contrib. % Cum. %

Intact vs. Young Invaded
Tetragonia implexicoma 2.20 0.20 5.79 1.42 9.08 9.08
Banksia integrifolia 2.80 0.90 5.53 1.59 8.67 17.74
Rhagodia candolleana 1.40 0.40 3.63 1.41 5.69 23.43
Acrotriche verticullatta 0.00 1.20 3.23 1.06 5.07 28.50
Hibbertia sericea s.l. 0.10 1.00 2.63 1.47 4.13 32.63
Senecio glomeratus 0.80 0.10 1.93 2.16 3.03 35.66
Sambucus gaudichaudiana 0.70 0.20 1.71 2.08 2.69 38.35
Dichondra repens 1.10 0.50 1.69 1.14 2.66 41.01
*Cerastium glomeratum 1.10 0.50 1.63 1.19 2.56 43.57
Muehlenbeckia adpressa 0.00 0.50 1.41 1.46 2.21 45.78
Oxailis exilis 0.90 0.60 1.14 0.76 1.78 47.57
Caladenia latifolia 0.00 0.40 1.11 1.93 1.75 49.31
*Centaurium erythraea 0.00 0.40 1.11 1.93 1.75 51.06

Intact vs. Heavily Invaded
Banksia integrifolia 2.80 0.30 7.00 1.92 10.27 10.27
Tetragonia implexicoma 2.20 0.00 6.11 1.44 8.97 19.24
Rhagodia candolleana 1.40 0.00 3.83 1.41 5.62 24.85
Acrotriche verticullatta 0.00 1.30 3.30 1.06 4.85 29.70
*Cerastium glomeratum 1.10 0.10 2.73 1.84 4.01 33.71
Senecio glomeratus 0.80 0.10 1.97 2.10 2.88 36.59
Sambucus gaudichaudiana 0.70 0.00 1.92 2.79 2.82 39.42
Lomandra longifolia 0.00 0.60 1.66 0.84 2.44 41.85
Lagenophora stipitata 0.20 0.80 1.60 1.76 2.35 44.20
Oxailis exilis 0.90 0.40 1.38 0.79 2.03 46.23
Bursaria spinosa 0.00 0.50 1.38 9.99 2.03 48.25
Pteridium esculentum 0.40 0.10 1.25 0.61 1.84 50.09

Intcat vs. Young Gap
Banksia integrifolia 2.80 0.40 5.24 1.85 7.75 7.75
Tetragonia implexicoma 2.20 0.40 4.53 1.37 6.70 14.45
Rhagodia candolleana 1.40 0.50 2.66 1.24 3.94 18.40
Leucopogon parviflorus 0.40 1.50 2.53 1.57 3.75 22.14
Bursaria spinosa 0.00 1.00 2.04 1.13 3.01 25.16
Clematis microphylla 1.00 0.90 2.03 1.39 3.00 28.16
Pteridium esculentum 0.40 0.80 1.90 0.89 2.81 30.97
Acrotriche verticullatta 0.00 0.80 1.85 1.14 2.74 33.71
*Cerastium glomeratum 1.10 0.40 1.65 1.25 2.44 36.15
Asperula conferta 0.20 0.80 1.50 1.04 2.22 38.36
Geranium potentilloides 0.50 1.10 1.29 1.19 1.90 40.26
Dichondra repens 1.10 0.90 1.28 1.13 1.90 42.16
*Taraxacum officinale 0.20 0.60 1.19 3.54 1.77 43.93
Sambucus gaudichaudiana 0.70 0.30 1.15 1.49 1.71 45.63
Comesperma volubile 0.00 0.50 1.15 1.09 1.70 47.33
Oxailis exilis 0.90 0.80 1.10 0.82 1.63 48.96
*Centaurium erythraea 0.00 0.50 1.09 8.65 1.61 50.57
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cont.
Intact vs. Mid Gap
Banksia integrifolia 2.80 0.40 5.23 1.79 7.98 7.98
Tetragonia implexicoma 2.20 0.40 4.40 1.46 6.70 14.68
Leucopogon parviflorus 0.40 1.80 3.33 2.21 5.08 19.76
Rhagodia candolleana 1.40 0.70 2.33 1.24 3.56 23.32
Acaena novae-zelandiae 0.20 1.20 2.17 1.04 3.30 26.63
Clematis microphylla 1.00 0.80 2.11 1.60 3.22 29.85
Lagenophora stipitata 0.20 1.20 2.11 1.40 3.22 33.07
Bursaria spinosa 0.00 1.00 2.09 1.59 3.19 36.26
*Cerastium glomeratum 1.10 0.20 1.90 1.64 2.89 39.15
*Centaurium erythraea 0.00 0.70 1.53 2.53 2.33 41.48
Hibbertia sericea s.l. 0.10 0.70 1.40 0.97 2.14 43.61
Ajuga australis 0.20 0.70 1.22 0.89 1.86 45.47
Swainsona lessertiifolia 0.30 0.70 1.07 0.82 1.64 47.11
Senecio glomeratus 0.80 0.30 1.06 1.44 1.61 48.72
*Anagallis avensis 0.20 0.70 1.06 1.46 1.61 50.33

Intact vs. Old Gap
Banksia integrifolia 2.80 0.38 4.90 1.84 7.98 7.98
Pteridium esculentum 0.40 2.00 3.78 1.10 6.16 14.13
Tetragonia implexicoma 2.20 2.25 2.70 1.34 4.39 18.52
Bursaria spinosa 0.00 1.25 2.57 1.41 4.19 22.72
Lagenophora stipitata 0.20 1.13 2.14 1.19 3.48 26.20
Rhagodia candolleana 1.40 1.75 2.09 1.28 3.40 29.60
Hydrocotyle hirta 0.10 1.00 1.76 1.42 2.87 32.46
*Cerastium glomeratum 1.10 0.38 1.58 1.26 2.57 35.04
Ranunculus lappaceus 0.00 0.75 1.51 1.01 2.45 37.49
Geranium potentilloides 0.50 1.25 1.49 1.74 2.43 39.92
Oxailis exilis 0.90 0.88 1.44 1.22 2.34 42.26
*Stellaria media 0.20 0.75 1.28 0.90 2.08 44.34
Solanum aviculare 0.20 0.50 1.18 0.80 1.92 46.26
Dichondra repens 1.10 1.50 1.16 1.10 1.89 48.15
*Zantedeschia aethiopica 0.10 0.50 1.02 0.68 1.66 49.81
Clematis microphylla 1.00 0.50 1.00 1.43 1.62 51.44
Diss. / SD = standard deviation of each species contribution to average dissimilarity. Species listed in order of
contribution to average dissimilarity (Av. Diss.), cut off when cumulative percent contribution reaches 50%.
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Appendix 3

Analysis of Similarity pairwise tests for significant differences and average dissimilarity

(%) in floristic composition between soil seed bank germination treatments.

Comparison Av. Dissimilarity
(%)

Global R P

Control – Litter 42.53 -0.104 0.690
Control – Heat/Smoke 56.71 0.526 0.008
Litter – Heat/Smoke 64.48 0.642 0.008
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Appendix 4

Average abundance of indicative species as they contribute to the average dissimilarity

between floristic compositions of germinates from soil seed bank treatments. (a) Control

vs. Litter, (b) Control vs. Heat/smoke, and (c) Litter vs. Heat/smoke. * denotes exotic

species. The most dominant species, *Centaurium erythraea has been removed from

analysis in order to locate a greater number of indicative species.

a)
Control Litter

Av. Abund. Av. Abund. Av. Diss. Diss. / SD Contrib. % Cum. %
Isolepis marginata 0.40 0.80 1.22 1.08 2.88 2.88
Geranium potentilloides 0.60 0.20 1.17 1.08 2.75 5.63
*Trifolium repens 0.60 0.20 1.17 1.08 2.75 8.38
*Sonchus oleraceus 1.00 0.40 1.16 1.18 2.74 11.12
Isolepis nodosa 0.20 0.60 1.11 1.09 2.62 13.74
*Cardamime sp. 0.80 0.40 1.11 1.08 2.61 16.34
Swainsona lessertiifolia 0.60 0.40 1.08 1.00 2.54 18.89
*Cerastium glomeratum 0.40 0.60 1.08 1.00 2.54 21.42
Veronica calycina 0.40 0.60 1.07 1.00 2.52 23.94
Hydrocotyle hirta 0.40 0.60 1.06 1.00 2.50 26.44
Senecio glomeratus 0.40 0.60 1.06 1.00 2.49 28.93
Unidentified forb sp1. 0.40 0.60 1.06 1.00 2.48 31.41
*Catapodium rigidum 0.60 0.60 1.01 0.93 2.37 33.78
Urtica incise 0.60 0.80 0.95 0.86 2.23 36.01
Acacia sophorae 0.20 0.40 0.90 0.85 2.12 38.14
Unidentified forb sp2. 0.40 0.20 0.90 0.86 2.12 40.26
*Malus domestica 0.00 0.40 0.90 0.79 2.11 42.37
Unidentified shrub sp1. 0.40 0.20 0.89 0.85 2.09 44.46
Leptospermum laevigatum 0.60 0.80 0.89 0.86 2.08 46.55
Senecio pinnatifolius 0.20 0.40 0.86 0.85 2.03 48.57
*Cerastium sp. 0.20 0.40 0.84 0.86 1.97 50.54

b)
Control Heat/smoke

Av. Abund. Av. Abund. Av. Diss. Diss. / SD Contrib. % Cum. %
*Anagallis avensis 1.00 0.00 2.75 7.15 4.86 4.86
Lagenophora stipitata 0.80 0.00 2.29 1.90 4.04 8.90
Viola cleistgamoides 1.00 0.20 2.24 1.87 3.95 12.85
Scaevola albida 1.00 0.20 2.24 1.87 3.95 16.81
Acaena novae-zelandiae 0.80 0.20 1.87 1.38 3.29 20.10
Solanum aviculare 0.80 0.20 1.86 1.39 3.27 23.37
Carex breviculmis 0.80 0.20 1.85 1.39 3.26 26.64
Geranium potentilloides 0.60 0.20 1.59 1.08 2.80 29.43
*Trifolium repens 0.60 0.20 1.56 1.08 2.75 32.18
Leptospermum
laevigatum 0.60 0.20 1.55 1.08 2.74 34.92
Urtica incisa 0.60 0.00 1.53 1.18 2.70 37.62
Unidentified forb sp1. 0.40 0.60 1.44 1.00 2.54 40.15
*Catapodium rigidum 0.60 0.40 1.41 1.01 2.49 42.64
Swainsona lessertiifolia 0.60 0.60 1.32 0.92 2.34 44.98
Hydrocotyle hirta 0.40 0.20 1.26 0.86 2.22 47.20
Poltinaea sp. 0.20 0.40 1.22 0.86 2.16 49.36
Lomandra longifolia 0.40 0.20 1.21 0.85 2.13 51.49
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c)
Litter Heat/smoke

Av. Abund. Av. Abund. Av. Diss. Diss. / SD Contrib. % Cum. %
*Anagallis avensis 1.00 0.00 2.75 6.4 4.26 4.26
Isolepis marginata 0.80 0.00 2.28 1.86 3.53 7.80
Viola cleistgamoides 1.00 0.20 2.24 1.85 3.47 11.27
Scaevola albida 1.00 0.20 2.24 1.85 3.47 14.74
Acaena novae-zelandiae 1.00 0.20 2.23 1.85 3.45 18.19
Urtica incise 0.80 0.00 2.18 1.83 3.38 21.58
Lagenophora stipitata 0.80 0.00 2.17 1.84 3.36 24.94
Leptospermum
laevigatum 0.80 0.20 1.89 1.39 2.93 27.87
Solanum aviculare 0.80 0.20 1.87 1.37 2.91 30.78
Carex breviculmis 0.80 0.20 1.82 1.40 2.82 33.60
Veronica calycina 0.60 0.00 1.63 1.18 2.52 36.12
*Cerastium glomeratum 0.60 0.00 1.60 1.15 2.48 38.60
Hydrocotyle hirta 0.60 0.20 1.53 1.09 2.37 40.97
Senecio glomeratus 0.60 0.00 1.52 1.18 2.36 43.33
Isolepis nodosa 0.60 0.00 1.52 1.18 2.36 45.69
*Sonchus oleraceus 0.40 1.00 1.52 1.18 2.36 48.04
*Cardamime sp. 0.40 0.80 1.46 1.07 2.27 50.31

Diss. / SD = standard deviation of each species contribution to average dissimilarity. Species listed in order of
contribution to average dissimilarity (Av. Diss.), cut off when cumulative percent contribution reaches 50%.
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the basis for management or policy recommendations,
which should be submitted to alternative publishing
outlets.
4. Normally the paper should relate to ecosystems in the
Southern Hemisphere, although general theoretical
papers are acceptable, as are those with a Northern
Hemisphere basis, but that have implications for
Southern Hemisphere ecosystems.
5. Papers can cover a broad range of ecological topics
from landscape ecology and ecosystem dynamics to
individual population dynamics and behavioural ecology.
6. The paper needs a logical structure with a specific
question that is addressed by the methods and analysis.
7. Conclusions need to be supported by the results
presented.
8. Studies need to be well supported by appropriate
statistical analyses that are reported in sufficient detail
to allow readers to assess the rigour of the conclusions.
Where replication is impractical, the implications for
interpretation should be acknowledged.
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Submission of Manuscripts
All articles submitted to the journal must comply with
these instructions. Failure to do so will result in return of
the manuscript and possible delay in publication.

Manuscripts should be written so that they are intelligible
to the professional reader who is not a specialist in the
particular field. Where contributions are judged as
acceptable for publication on the basis of scientific
content, the Editor or the Publisher reserves the right to
modify typescripts to eliminate ambiguity and repetition
and improve communication between author and reader.
If extensive alterations are required, the manuscript will
be returned to the author for revision.

Covering letter
Papers are accepted for publication in the journal on the
understanding that the content has not been published
or submitted for publication elsewhere. This must be
stated in the covering letter.

Papers describing experiments that involve procedures
that could cause pain, discomfort or reduced health to
vertebrate animals must be demonstrated to be ethically
acceptable and, where relevant, conform to the national
guidelines for animal usage in research.

Pre-submission English-language editing
Authors for whom English is a second language may
choose to have their manuscript professionally edited
before submission to improve the English. A list of
independent suppliers of editing services can be found at
www.blackwellpublishing.com/bauthor/english_language.
asp. All services are paid for and arranged by the author,
and use of one of these services does not guarantee
acceptance or preference for publication.

Author material archive policy
Authors who require the return of any submitted material
that is accepted for publication should inform the
Editorial Office after acceptance. If no indication is given
that author material should be returned, Blackwell
Publishing will dispose of all hardcopy and electronic
material two months after publication.

Copyright
Papers accepted for publication become copyright of the
Ecological Society of Australia and authors will be asked
to sign an Exclusive Licence Form. In signing the
Exclusive Licence Form it is assumed that authors have
obtained permission to use any copyrighted or previously
published material. All authors must read and agree to
the conditions outlined in the Exclusive Licence Form,
and must sign the form or agree that the corresponding
author can sign on their behalf. Articles cannot be
published until a signed Exclusive Licence Form has been
received.

Preparation of the Manuscript
Submissions should be printed, doubled-spaced, on one
side only of A4 paper. The top, bottom and side margins
should be 30 mm. Laser or near-letter quality print is
essential. All pages should be numbered consecutively in
the top right hand corner, beginning with the title page,
and lines should be numbered consecutively on each
page. New paragraphs should be indented. The
hyphenation option should be turned off, including only
those hyphens that are essential to the meaning.

Style
The journal uses UK spelling and authors should
therefore follow the latest edition of the Concise Oxford
Dictionary. All measurements must be given in SI units
as outlined in the latest edition of Units, Symbols and
Abbreviations: A Guide for Medical and Scientific Editors
and Authors (Royal Society of Medicine Press, London).

Abbreviations should be used sparingly and only where
they ease the reader's task by reducing repetition of
long, technical terms. Initially use the word in full,
followed by the abbreviation in parentheses. Thereafter
use the abbreviation. At the first mention of a chemical
substance, give the generic name only. Trade names
should not be used.

Review Articles
Review articles that are brief, synthetic and/or
provocative are occasionally commissioned by the
Editors. These submissions are reviewed under the
journal's usual standards. It is normal for there to be
some negotiation between the invited author and the
commissioning Editor about the content and timing of
any invited submission. Please contact the Editors if you
would like to write such a review. Unsolicited review
manuscripts may also be considered.

Short Notes and Comments
The journal welcomes commentaries on the substance of
previously published papers. Such contributions must be
short and to the point, with adequate support for the
issues being raised. Authors of papers being criticized or
commented upon are usually given a right of brief reply.

Parts of the manuscript
Manuscripts should be presented in the following order:
(i) title page, (ii) abstract and keywords, (iii) text, (iv)
acknowledgements, (v) references, (vi) tables (each
table complete with title and footnotes) and (vii) figures
with figure legends.

Footnotes to the text are not allowed and any such
material should be incorporated into the text as
parenthetical matter.

Title page
The title page should contain: (i) the title of the paper;
(ii) the full names of the authors; (iii) the addresses of
the institutions at which the work was carried out, as
well as the present address of any author if different
from that where the work was carried out; and (iv) the
full postal and email address, plus facsimile and
telephone numbers, of the author to whom
correspondence about the manuscript, proofs and
requests for offprints should be sent.

The title should be short, informative and contain the
major key words. A short running title (less than 40
characters, including spaces) should also be provided.

Abstract and key words
Articles must have an abstract that states in 300 words
or less the purpose, basic procedures, main findings and
principal conclusions of the study. The abstract should
not contain abbreviations or references. The names of
organisms used should be given.

Five key words should be supplied below the abstract for
the purposes of indexing.

Text
Authors should use the following subheadings to divide
the sections of their manuscript: Introduction, Methods,
Results, Discussion, Acknowledgements, References.

Introduction: This section should include sufficient
background information to set the work in context. The
aims of the manuscript should be clearly stated. The
introduction should not contain either findings or
conclusions.

Methods: This should be concise but provide sufficient
detail to allow the work to be repeated by others.
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Results: Results should be presented in a logical
sequence in the text, tables and figures; repetitive
presentation of the same data in different forms should
be avoided. The results should not contain material
appropriate to the Discussion.

Discussion: This should consider the results in relation
to any hypotheses advanced in the Introduction and
place the study in the context of other work. Only in
exceptional cases should the Results and Discussion
sections be combined.

Species nomenclature
When the generic or specific name of the major study
organism(s) is first used, the taxonomic family or
affiliation should also be mentioned, both in the abstract
and in the body of the text.
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Upon its first use in the title, abstract and text, the
common name of a species should be followed by the
scientific name (genus and species) in parentheses.
However, for wellknown species, the scientific name may
be omitted from the article title. If no common name
exists in English, the scientific name should be used
only.
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The Harvard (author, date) system of referencing is
used. Consult a recent issue of the journal for the
referencing format.

Personal communications, unpublished data and
publications from informal meetings are not to be listed
in the reference list but should be listed in full in the text
(e.g. A. Smith, unpublished data, 2000).

References in Articles
We recommend the use of a tool such as EndNote or
Reference Manager for reference management and
formatting.
EndNote reference styles can be searched for here:
http://www.endnote.com/support/enstyles.asp

Reference Manager reference styles can be searched for
here:
http://www.refman.com/support/rmstyles.asp

Tables
Tables should be self-contained and complement, but not
duplicate, information contained in the text. Tables
should be numbered consecutively in Arabic numerals.
Each table should be presented on a separate sheet of
A4 paper with a comprehensive but concise legend above
the table. Tables should be double-spaced and vertical
lines should not be used to separate columns. Column
headings should be brief, with units of measurement in
parentheses; all abbreviations should be defined in
footnotes. Footnote symbols: †, ‡, §, , should be used
(in that order) and *, **, *** should be reserved for P
values. The table and its legend/footnotes should be
understandable without reference to the text.

Figures
All illustrations (line drawings and photographs) are
classified as figures. Figures should be cited in
consecutive order in the text. Figures should be sized to
fit within the column (78 mm), intermediate (118 mm)
or the full text width (165 mm). Magnifications should be
indicated using a scale bar on the illustration.

Line figures should be supplied as sharp, black and white
graphs or diagrams, drawn professionally or with a
computer graphics package; lettering must d be included
and should be sized to be no larger than the journal text.

Graphics should be supplied as high resolution (at least
300 d.p.i. at the final size) files, saved in .eps or .tif
format. Digital images supplied only as low resolution
print-outs cannot be used.

Colour figures
Colour photographs should be submitted as good quality,
glossy colour prints. A charge of A$1100 for one to three
colour figures and $550 for each extra colour figure
thereafter will be charged to the author.

In the event that an author is not able to cover the costs
of reproducing colour figures in colour in the printed
version of the journal, Austral Ecology offers authors the
opportunity to reproduce colour figures in colour for free
in the online version of the article (but they will still
appear in black and white in the print version). If an
author wishes to take advantage of this free colour-on-
the-web service, they should liaise with the Editorial
Office to ensure that the appropriate documentation is
completed for the Publisher.

Figure legends
Legends should be self-explanatory and should
incorporate definitions of any symbols used. All
abbreviations and units of measurement should be
explained so that the figure and its legend is
understandable without reference to the text. (Provide a
letter stating copyright authorization if figures have been
reproduced from another source.)

Supporting Information

Supporting Information is not essential to the article but
provides greater depth and background and may include
tables, figures, videos, datasets, etc. This material can
be submitted with your manuscript, and will appear
online, without editing or typesetting. Guidelines on how
to prepare this material and which formats and file sizes
are acceptable can be found at:
http://www.blackwellpublishing.com/bauthor/suppmat.as
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